














StaSence 
TECHNOLOGY 


Automatically align 
your Celestron 
telescope with our 
StarSense Accessory! 
The revolutionary technology in 
the award-winning SkyProdigy 
telescope is now available for 


almost every Celestron 
computerised telescope. 





Align and control your 
Celestron telescope | 
wirelessly using your 
iPhone or iPad! 


Celestron’s innovative new SkyQ Link WiFi Module turns 
your IPhone or iPad into your own personal planetarium 
and observatory! 


SkyQ Link 
WiFi Module 
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Special Offer! 








F1 Telescopes Green Witch (South) 
Sittingbourne Bedfordshire 
01795 432/02 01767677025 
Astronomia Green Witch (North) Widescreen Centre ry 7 — — 
Dorking West Yorkshire Central London (—» 
01306 640714 01924 47771 9 020 7935 2580 
and specialist ddoslers naddorwide 
Celestron, SkyQ"™ and StarSense™ are trademarks or regi d tra of Celestron Acquisition, LLC in the United S vd in ce ‘counties around the world 
All rie “bubdniagedelaint acl iekialins s Ltd is an authe ed distribut sebnag F Celes stron products. The iPhone and iPad are trademarks of crass ee 1 the U.S. and other countries 
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Blast off into 
Eee) 
knowledge 


It's when you begin to 
investigate the theories that 
surround the origins of our 
universe that you start to 
ene ptopnelacee a= ements 
space sciences, physics and 
mathematics blur: figures 
that would make the energy 
output of the most massive 
quasar seem like a candle next to the Sun, are 
bandied about like simple arithmetic in a primary 
school classroom. Mind-boggling existential 
concepts of multiple universes, infinite time and 
space are made to seem as mundane as the idea of 
going in to work tomorrow. Luckily we had three 
Big Bang experts on hand, who deal with this theory — 
and its myriad of complexities on a daily basis, to 
break down this fascinating but hard-to-swallow 
subject into more palatable pieces. But our new 
insight into the world of bosons, quarks, cosmic ? 
expansion and the formation of proto-galaxies does , Pa. 
give us a glimpse into what it might have been like . Crew roster 
to study space during the Renaissance, when the 
natural sciences, philosophy and astronomy were 
studied in conjunction with each other. | 
This issue, we've been lucky enough to speak % By cdoptedathick 
toa number of other prominent scientists and BM Russian accent 
figureheads in the space community, including 
Al Worden, Apollo 15's pilot and record-holder for 
being the astronaut to travel the farthest from 
Earth. Also, Dr David Kring, the man who helped 
discover the enormous Chicxulub impact crater 
on the Yucatan Peninsula, Mexico, then linked it | 
to the extinction of the dinosaurs 65 million years i Laura Mears 
ago. With Jupiter taking a prominent place in the | —™[ 8 
sky and our ‘Ultimate guide to the Moon’ on page 
80, now's a great time to get your telescope out and 
start stargazing, too. Enjoy! 


Ben Biggs 
Deputy Editor 











Jonathan O'Callaghan 


Gemma Lavender 
a A true fact 


SRNECBiUdd ome 
jco)ee mee ton qe hy cme a8 
on the surface of iececumes 
the Moon than PAA Sco 

anybody” SM sree 


Al Worden,Apollo 15 pilot 
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From poignant 

moments in space 
history to incredible 
galaxy images, here's this 
month's most spectacular 
space photo roundup 


The incredible experiments that are 
helping us answer a fundamental 
question of science 





Nautilus-X 
Discover the futuristic spacecraft that 
will generate its own gravity 


A-Z of the 
Milky Way 
Take a stellar alphabetical tour of the 
most fascinating sights in our galaxy 








Mars sample 
How we're going about bringing exotic 
Martian samples back to Earth 


Why do 
satellites fall? 


Is is because they run out of fuel? And 
what happens when they fall? 


The Russian 
space agency 


Find out why space today would be a 
different place without Russia 

















Earthrise 


See the iconic photo from the Apollo 8 
crew of Earth rising against the Moon 


A 
Gliese 667 C 
From planets to core, the star in the 

centre of our twin Solar System 


Amazing facts about these violent and 
intensely hot outbursts 


F 
——_ 15's 
Al Worden 
Meet the pilot who holds the record for 
being the most isolated human 


Earth's biggest 

impact craters 
See our planet's biggest craters and 
the earth-shattering impacts that 
caused them 









The Archer 


A look at one of the most famous 
constellations in the sky: Sagittarius 


' 
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“We're going to have spacecraft [Re] @),@\@ 
that'll 0 Way, Way beyondeven N@BLES Ee) B. s 
, the Solar System" = wine lt 

» 60 Al Worden, Apollo 15 pilot 77 arte 


Our experts answer your 
top questions 
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STARGAZER 
Kick-start your star-watching 
hobby with these basics 
Witimate guide to 
e Moon 


The best ways to see the top 
sights on our most beautiful night- 
sky object 
_ = 

How to see Jupiter 
Tips and tricks for viewing Jupiter 
and its many moons 

! F 
What's in the sky? 
What to see in the coming month 
Me and my 
telescope 
See what All About Space readers 
were viewing this month 
Astronomy kit 
reviews 
The latest in astronomy gear and a 
reasonably priced telescope 


of Space 


The story behind 
Isaac Newton 
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‘Visit the All About Space 
online shop at 
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LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


WWW.Spaceanswers.com 








Space bricks 


The International Space Station's Kibo laboratory robotic arm deploys 
three nanosatellites known as Cubesats into low Earth orbit. Expedition 
38 flight engineer Koichi Wakata, an astronaut for the Japanese 
Aerospace Exploration Agency (JAXA), monitored the Cubesats from 
the module while operating the robotic arm. Cubesats have become 
increasingly popular within the last ten years as their design has become 
more standardised and affordable to universities and other institutes. 
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The night before launch 


aoe ela eee ee) A el 8 eee) a eel lee) pe 
Station, Space Launch Complex 41, and a full Moon beckons a dormant Atlas V 
rocket with its Mars-bound payload atop. This is of course the much-anticipated 
MAVEN (Mars Atmosphere and Volatile EvolutioN) mission awaiting its late 
morning countdown the following day. The MAVEN spacecraft launched 
successfully on Monday 18 November and by the time you read this, it will have 
Mee MCR Mr) mele eee cide mie thie) deem) mele ecm en) = 
Red Planet for Mars orbital insertion on 22 September 2014. 


eel 7 
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Fate of ISOP 


This composite image of 60 frames shot by Sun-watching observatory SOHO (Solar and 
Tes ues rn ke Pe Pen PER RU RUM nie ce 
and fate of Comet ISON as it rounded and moved into perihelion around the Sun. 

As temperatures increased, chunks of the comet began to break off and it shrank in 
rene AR Rel Mem eR Con ieee a lucekte ced 
Astronomers are unsure whether this lump was the remains of the original nucleus or 
simply debris, but whatever it was is unlikely to be anything more than dust now. 
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lf you thought that NGC 4921 was looking a little pastier than your average 
galaxy, that’s because it's anaemic. At least, anaemic in the sense that it 
produces stars at an unusually low rate and has a low surface brightness. Despite 
this, Hubble has been imaging the pale galaxy recently because its known speed 
fe) Mere RLSM Cl eee e eR Rte eee spel mec nelle nel 
its distance from Earth (currently estimated at 310 million light years), could help 
ec) better calibrate the expansion rate of the observable universe. 
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Compelling evidence 
for a massive subsurface 
ocean is discovered on 


the Jovian moon 


The Hubble Space Telescope has 
ee RUC O LON emit mee | BLOle 
jetting off the south polar region of 
Europa. The frigid moon is already 
thought to harbour a huge subsurface 
ocean beneath its icy crust, but this 
EBON wie imee ene ie ee wle( ete 
that this the case, according to Lorenz 
Roth of the Southwest Research 
Institute in Texas. “By far the simplest 
explanation for this water vapour is 
that it erupted from plumes on the 
surface of Europa,” said Roth. 

ole HLG eM OLUP MON Mere Ulaph Lie 
Research Institute think that if 
deel MC Ce mee mma Nelo 
RCO Vel mee mere 
almost certain exists beneath the 
surface of Europa, they'll be able to 
analyse it without having to send a 
costly mission to drill into the crust. 

Using Hubble's imaging 
spectrograph, scientists were able 
to see an auroral glow produced 
when atomic hydrogen and oxygen 
El Cm. (e (OMe ONC meted re 
water being broken apart by Jupiter's 
magnetic field lines. The source of 
these plumes of water was suggested 
to be from long cracks running along 







Europa's surface. “We 
pushed Hubble to its limits 
oe dR R elec 6) ae 
elem (era niiei merle meene lianas) 
a paper on the subject and principal 
Mache eee eT MON eames) | 
Cologne. “These could be stealth 

ie) (OVA Nero Ola LN tro Ona nebo 
tenuous and difficult to observe in 
the visible light.” 

Prt Ao ee 
so far only been observed when the 
moon of Europa is in the apogee of 
eMoiiee eT Meee ace ein emer eae 
Jupiter. This is thought to be because 
the cracks, or ‘lineae’, are subjected 
to greater stresses from gravitational 
Ce) (ee pn Lee om anita 
open wider to release the jets. This 
supports a subsurface ocean theory, 
because the jets wouldn't vary as 
much at this distance as they do with 
a more solid interior. 

Similar jets of water have also 
been observed spouting off one of 
SEU SUR MUN ele) OMe Needle lt Me LOD Ce) Bre 
has 12 times the gravitational force 
of Enceladus, so the water vapour 
fale] 0 MMe) 0 oR by COn-je: acme lair (6 
falling back down to Europa. @ 


“The simplest explanation 
for this water vapour is that 
it erupted from plumes on 
the surface of Europa” 


Lorenz Roth, Southwest Research Institute 


| Ps 


Elec e BOC NOE motel 
-40°C (-40°F) on the moon of 
million mi) from the Sun 


Hubble detected water 
vapour spouting off the 
surface of Europa in the 

region depicted here | 
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Stay up to date... 





First black hole 
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European astronomers aim to take the 
world's first shot of a black hole 


It's commonly known that it's 
impossible to see a black hole because 
nothing can escape its gravity, not 
even light. But that isn't stopping a 
team of European astrophysicists 

from trying to image one: backed by a 
€14 million grant from the European 
Research Council, the team is hoping 
to image the shadow that's cast by the 
event horizon of Sagittarius A*, the 
supermassive black hole suspected to 
be the core of the Milky Way. "While 
most astrophysicists believe black 
holes exist,” said professor Heino Falcke 
of Radboud University, Netherlands, 
“nobody has actually ever seen one. 
The technology is now advanced 
enough that we can actually image 
black holes and check if they truly 


exist as predicted: if there is no event 
horizon, there are no black holes.” 

Looking at the strange radio source 
at the centre of our galaxy, where the 
supermassive black hole Sagittarius 
A’ is suspected to reside, is a likely 
method of imaging its event horizon, 
if it exists. It's thought the event 
horizon of an object as massive as 
this (Sagittarius A* has an estimated 
mass of 4 million sols) will cast a dark 
shadow on the radio emissions created 
by gas falling into the black hole. 

By combining high-frequency 
telescope observations from around 
the world, the team also hopes to find 
new pulsars and test theories on the 
behaviour of light and matter around 
black holes. @ 


“While most astrophysicists 
believe black holes exist, 
nobody has actually ever 


seen one’ 






PV ase Sco eA eee ae ee ae 
event horizon might look like: light is unable to 



























escape tlie pull of the black hole’s gravity 
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Dolphin habitats, endangered 
orangutans, weird Australian 
wildlife and much, much more 


World Of 
Animals 
issue two 
on sale 
now 


From the slovenly sloths of the 
Amazon to the polar bears of the 
Arctic Circle, World Of Animals 
is anew monthly magazine from 
the makers of How It Works and 
All About History that takes a 
unique look at wonderful wildlife 
from all over the globe. 












With breathtaking photography, 


captivating stories and stunning 
illustrations, each issue offers 
the safari of a lifetime that takes 
the reader on a fact-filled tour 

of the planet's favourite wildlife, 
exploring the habitats, behaviour 
and societies of all Earth's 
creatures, great and small. 

On sale now, issue two 
explores the world of the 
orangutan and the people who 
fight to save them. See the 
habitats of the dolphin, read 50 
amazing facts about Australian 
wildlife and much, much more. 

World Of Animals can be 
found alongside digital editions 
for iOS and Android available 
from greatdigitalmags.com and 
is accompanied by companion 
website animalanswers. 
co.uk. Connect on Twitter 
@WorldAnimalsMag and 
Facebook at facebook.com/ 
worldofanimalsmag and let the 
team know what you would love 
to see in forthcoming issues of 
World Of Animals. @ 








For full articles: 
www. iting tity 


rays detected 


NASA‘ Swift satellite has 
compiled a list of over 150,000 
major X-ray sources, including 
high-energy stars and galaxies. 
Fight years’ worth of data was 
analysed by the mission's team 
of scientists, revealing almost 
100,000 previously unknown 
cosmic A-Tay SOUICES. 


China lands on 
the Moon 

The Chinese rover Jade Rabbit has 
landed on the Moon's surface and 
will operate there for a year. It is 
the first soft Moon landing since 
the Soviet space agency landed 
there in 1976. 


Radiation 
measured 
on Mars 


The first radiation measurements 
taken on the surface of Mars 
have been published. Curiosity 
has detected two forms of 
radiation that pose a health risk 
to astronauts: galactic cosmic rays 
and solar energetic particles. 
















Cosmic tweets 
confound 
scientists 


Fast radio bursts are radio 

wave pulses that last only one 
millisecond. They were thought 
to come from galaxies billions of 
light years away. Scientists now 
think these ‘tweets’ are created by 
stellar flares in our galaxy. 






| 


7 


LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


Invisible exoplanet detected. 


Astronomers confirm the presence of a suspected exoplanet 


























try the 
digital-only 


science mag 


Brain Dump, a first-of-its-kind, 
digital-only science magazine for 
iPad, iPhone and Android devices, is 
now available. This groundbreaking 
product can be subscribed to on 
Apple's Newsstand and Google 

Play from just £0.69 ($0.99). Built 
on a new digital platform designed 
by world-leading agency 3 Sided 
Cube, Brain Dump delivers a flurry 
of fascinating facts every issue, 
reducing tough-to-grasp concepts 
about science, nature and more into 
bite-sized, easy-to-learn articles. It's 
for the intelligent, inquisitive and 


not just for those interested in space; 


it's for anyone with an interest in 
science in general. “Brain Dump is 
a milestone product for more than 
one reason,” said Aaron Asadi, Head 
of Publishing. “This is a brand-new 
digital publishing initiative that 
will make everyone sit up and take 
notice.” Dave Harfield, Editor In 
Chief, added: “It's a proud moment 
for us. Since How It Works’ rise to 
dominance, we've worked tirelessly 
to build on its legacy.” The digital 
publication is one of the latest 
additions to [magine’s expanding 
portfolio and a free sample issue 
comes pre-installed on the app. @ 
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European astronomers have 
discovered Kepler-88 c, an exoplanet 
that was previously predicted but 
remained unconfirmed. The planet 
originally hinted as to its existence 
UT 0m Meee tae) sre ems eee ODED a oa 
Kepler-88 b, and perturbed its gravity. 


ofa 


Kepler-88 c would have been missed 
entirely, because its orbit is aligned in 
SU Ch mei mee em eerie 
parent star from Earth's perspective, 
epi eee ehh eked) Cem Ont 
exoplanet-spotting Kepler space 
telescope. Using something called 
Oi eere ee, 
(a) p oN e] 0 (mere (las eo oe om C8) 
SSA Mele eae meee es 
these two exoplanets 


DANO h eee en 
other. The presence of Kepler-88 c 
ECMO MGO el Pieen OMe) mele ate ele) nt: 
using the SOPHIE spectrograph at 
dpm O leat icelime (merit te nle 
Wien Cle) etece mem MON eer tn lm Ce) 
SAP iae teh ma eo de 
of Kepler-88 b and has a calculated 
mass in perfect agreement with the 
findings using the TTV technique. 
Set eee ieee lee) 
EV ime 0) Cee) N met om eri eer ae 
PERM G elma ee omen ae 
planet Uranus, in 1846. @ 


Kepler-88 c alerted 
astronomers to 
eS ta te way 

es RUbianpinM en eanit 

PES eae le 

Kepler-88 b 


“We saw the full consequences 
ect hit on our planet” 


Scientist urges governments to prepare for a massive 
coronal mass ejection event 


The most powerful coronal mass 


ejection (CME) ever recorded in July 
2012 last year has prompted renewed 
investigation and a warning from a 


University of Colorado at Boulder solar 


scientist. Professor Daniel Baker, who 
works at the university's Laboratory 
for Atmospheric and Space Physics, 
has been studying the CME and 


gave a presentation on the subject in 


December last year: “The message we 
are trying to convey is that we made 
direct measurements of the 2012 
event and saw the full consequences 
without going through a direct hit on 
our planet,” said Dr Baker. “My space 
weather colleagues believe that until 
we have an event that slams Earth 
and causes complete mayhem, policy 


makers are not going to pay attention.” 


The 2012 CME was a real scare for 
solar scientists: the ejection travelled 
at over 11,265,408 kilometres (seven 


million miles) per hour and was 
more powerful than the famous 
Carrington solar storm, the historic 
CME that blasted the Earth with 
charged particles in 1859. Earth was 
in the direct line of fire of the even 
larger 2012 storm just a few hours 
after the event, the intensity of which 
was recorded by NASA's STEREO-A 


satellite. “We have proposed that the 
2012 event be adopted as the best 
estimate of the worst-case space 
weather scenario,” added Dr Baker. 
"[This] information can be used to 
explore what would happen to various 
technologies on Earth and in orbit, 
rather than waiting to be clobbered by 
a direct hit." @ 
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We specialise in helping new astronomers to tind 

the right first telescope - whatever your age, ability and 
budget. We'll give you all the help you need to get 

up and running with confidence! 


Call us seven days a week on 01 306 640714 for 


friendly, sound advice and the very best service. 


We're authorised UK dealers for all major brands. 





eM relat 
with our great ¢f 
value starter \ 


el 





Full terms and 
conditions on 
our website 
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Meet the 
experts 


Name: Richard Davis 
Role: Professor 

Head of technology at 
Jodrell Bank. Led his 
institution's involvement 
in the Planck mission. 


Name: David Evans 
Role: Professor 

Leads the University of 
Birmingham team on 
ALICE at CERN's Large 
Hadron Collider. 
Name: Dan Coe 
Role: Astronomer 

Staff astronomer at the 
Slocl, studying Balaxy 
clusters, eravitational 


lensing and dark matter. 


Birth of the universe 


The universe almost seems to have come out of 
nowhere: a concoction of high temperatures and a 
thick gloop of exotic particles, which would go into 
an overdrive of expansion through several phases of 
Varying conditions, to create the universe as we see 
it today, some 13.8 billion years later. The Big Bang, 
creator of time and space - or at least that's what our 
current understanding of how our universe sprang 
into existence leads us to believe. 

But what we have come to learn about the 
cosmos’s somewhat mysterious past wasn't always 
as tacked down in the days of Georges Lemaitre, 
who would later become dubbed the father of the 
Big Bang theory. What the Belgian priest, astronomer 
and professor of physics suspected in 1927, based 
on his solutions to Albert Einstein's equations, was 
that the universe must have sparked into life from a 
single point at the beginning of time before driving 
headlong into an expansion. “The evolution of the 
world can be compared to a display of fireworks 
that has just ended: some few red wisps, ashes and 
smoke,” Lemaitre said, on the subject of how we were 
thrown into existence. "Standing on a cooled cinder, 
we see the slow fading of the suns, and we try to 
recall the vanishing brilliance of the origin of the 
worlds.” However, Lemaitre wasn't recognised as the 
genius he was until later; he published his work in an 
obscure Belgian scientific journal where few scientists 
saw it. As such Lemaitre's go down in 
history was lost. 

Instead, in America one astronomer in particular 
was gathering the data that would strongly support 
Lemaitre’s theory. Edwin Hubble and his assistant 
Milton Humason were busy at the eyepiece of a 
2.5-metre tel at Mount Wilson Observatory 
in California, surveying so-called spiral nebulae. 
These used to be thought of as part of our own 
Milky Way galaxy, but Hubble showed that they 
were island universes in their own right, galaxies 
like our own millions of light years away. He did 
this by measuring their redshift. This is just like the 
screaming pitch of a police siren racing past you. 

As the police car speeds towards you the Doppler 
effect causes the soundwaves to bunch up, making 
the pitch go up. As the police car moves away the 
soundwaves become more stretched and the pitch of 
the siren falls. In space, objects moving towards us 
have the wavelength of their light rays compressed 
into bluer wavelengths, which astronomers term 
blueshift, while objects moving away have their light 
stretched into redder wavelengths, hence redshift. 
Amazingly, Hubble found that almost all the galaxies 
had redshifts, meaning that they were all moving 
away from us according to what became known as 
Hubble's Law. But if the galaxies are all moving apart, 
could they once upon a time have been much closer 
together, coming out of a big bang? 

In 1931 Lemaitre’s work was brought to people's 
attention when Sir Arthur Eddington discovered it, 
but by then Hubble had already made his discoveries. 
At first Einstein did not believe it, but later changed 
his mind when he saw Hubble's evidence. A more 
vocal critic was astronomer Fred Hoyle at Cambridge 
University, who came up with the name ‘Big Bang’ 
in derision of the idea, and favoured his own Steady 
State Model describing an eternal universe. The Big 
Bang name stuck, though. 
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Birth of the universe 


Today, the Big Bang is a widely accepted theory. 
However, we don't have a photo album of how 
the universe grew from an infant into the veteran 
of cosmic evolution that it is today. Astronomers 
realised that they had to be resourceful, grabbing 
hold of any evidence that our universe was willing to 
give up and combining it with mathematical models. 
Of course, these clues are communicated to us in 
the cosmos's own way; ranging from the crackling 














of its background noise - the cosmic microwave - ’ »* 
background (CMB) - to gravitational waves that ripple wv a 4 . 
between its many galaxies. 2 7 ae 2 ¢ 
| Our view of the cosmic microwave background (CMB) has improved greatly ws 
The COSMIC relic since its initial discovery in 1965 by Amo Penzias and Robert Wilson é ac :.— 


And the universe is certainly telling us things about 
its past. The CMB was not the stealthiest of beasts 
when it generated interference on the experiments 
of Bell Laboratory astronomers Arno Penzias and 
Robert Wilson in 1965. Their device was called 

the Holmdel Horn Antenna, a radio telescope that 
listened in on the universe. Everywhere they pointed 
it, they detected an unwanted hiss, kind of like the 
low level of electrical noise that produces ‘snow’ on 

a TV screen. Only after they had ruled out every 
possible alternative did they finally accept that the 
unexplained signal could be coming from space. 
What's more, it was coming from all directions. They 
realised it was the sought-after cosmic microwave 
background radiation, that scientists suspected might 
exist. If our universe had a beginning then there was 
likely to be some kind of residue left over, flavoured 
in a static of microwave bands; a relic radiation, the 
cosmic microwave background. And at a temperature 


of 2.7 degrees above absolute zero (about -270 
degrees Celsius or -460 degrees Fahrenheit) it is 
actually quite cold, making today's universe a chilly 
place to be as this radiation fills every corner of 
Space, Once upon a time it was quite hot, but has 
cooled as the universe has expanded. 

The CMB was emitted about 380,000 years after 
the Big Bang, when temperatures in the universe fell 
to below approximately 3,000 degrees Celsius (5,400 
degrees Fahrenheit). At this temperature atomic 
nuclei were able to soak up all of the free electrons 





oe Rie) a 

le) dela eeidde-ld (ele melcia ip 
atoms brought them into faint 
ale) Une meee a mae elven 
Wee ee ee ele 
their surroundings. At one billion 
years after the Big Bang, the first 
SG ee eee eee 


ee eae) gn eye lah 


After some 380,000 
> | years, the opaque soup 
a — l= Eee lege 


- i | since the temperature 
_ 1. The Big Bang 


a Smtr -e oe nals 
The event that is said to have: dropped to 3,000 Kelvin 
created time and space is 


3 (2,727°C/4940°F), photons 
thought to have occurred were travelling through the 
some 13.8 billion years 


Te RE 
ago. Here the universe was 
infinitely hot and dense before 
cooling and inflating. 





7. Today's universe 
Teele ae em ce raeyel (ene 
SER ea 
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pinpointed with galaxies, stars 
and planets among other 
structures - is much calmer. 





3. Big freeze out 
One hundred seconds 
Am nee) ota 
temperature dropped to 
the point where protons 
and neutrons could 
jie cena) 
a ec ae 
Conditions were ripe for 
hydrogen to form. 
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DU aree eee er ael ee 
meaning that galaxies are racing 
further and further apart. Today, 
when we look out into space, 
most galaxies are continuing to 
Heer EV aie eee 


ir particles were also 
ig around and colliding. 





that whizzed around the universe. With the electrons 
out of the way light and radiation were allowed to 
freely pass through space without bouncing off 
electrons, and this is the light that we see now as 
the cosmic microwave background. So although it 
doesn't quite show us the moment of the Big Bang, 
the appearance of the CMB is heavily influenced 
by what happened in the Big Bang, such as a brief 
period of inflation that moved parts of the universe 
apart faster than the speed of light. The picture that 
the CMB provides is one of the baby universe - it's 


“The picture that the CMB provides is 
one of the baby universe - it's like we're 
looking back to when time and space 
first shuddered into existence” 
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The now-defunct Planck mission surpassed - 
expectations in its study of the CMB* 

CWUOM A SIMON ewe ee eee ea Nee Nel 
our universe sprang into existence; as a point that 
contained everything and continued to expand 
through to today, building the first stars and 
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wasn't some kind of explosion that spat out matter, 

energy, time and space. It is imagined almost like a 

balloon that continues to stretch, originally holding 

Dee Wlalcael leh melee beeme oh me enNeceie im elllemanri 

f cooled and thinned out over the space of millions to 

billions of years. 

As ever, such an event has opened up a whole 
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look back in time is to lift missions off the ground to 
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is the snapshot of our newborn universe. Several Tee ee EN 

missions have stepped up to the challenge, most 
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Microwave Anisotropy Probe (WMAP), which, after 


a 


Planck's image of the 


Fee CBee eA eee eile nese involvement in one of the instruments on board Titelne Me Reel tle) Rem en eB ONO are lane tone ane 
SoMa elem) ie) ia the craft. “It also had the lowest noise detectors i etee JO GRO O UIE B eB eee ee ele a 

Planck's main aim was to measure the cosmic OER om els meee Oniereme lie (ae UA enim ee wees etm Um epee me meee) a 
microwave background (CMB) - the afterglow of are) C a VITO SOREN cde Omen Ole em le goto e) (imu dame meleTmOUNTA Jem (Oma ley mem) eer 
dito elmer M Ger eee leele( em Wide mee mar meh e Meh Ue We lee 00 6 0)0) wee tee) Melle i iets a better measurement of the age of the cosmos, 
appeared some 400,000 years after the event. And COS See eee dines eniee lle dated at 13.8 billion years old - 100 million years 
to get the best measurements possible, the mission radiation from its orbit around the Sun that Planck UUOC MOO MOC MOLE MmOnTel Nabe V Olek Pn elt ted pl 
had to be kept to freezing temperatures. was able to pick out even the most subtle blips the mission has since been deactivated, Davis 

"[Planck had] a passive cooling and three AMC UPL Me Coe een SONU ema n LMP ee etn eo as EES mie Oe ewe lieeeel elem -el mis) emen tm cme 
refrigerators taking it to -273.05 degrees Celsius mission did incredibly well. “The fluctuations go UV OTe ee T ALOU TOTEM NOLO Come OL OlU Melt INDIO mee ipso mee 
eee toe ida VE em ner m meets down to as low as 2 micro Kelvin," he says. “Planck will go on analysing the data for at least the next ten 
coolest place in the universe,’ says the University SiO Dp ert 8 emg ee OOO reed eee) NN mere oat years so there is much to come,” he says. “We will 
of Manchester's Richard Davis, who led the UK's exceeded its goals, so it has been stunning.” ee Oe PMO nm eld eo 
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Birth of the universe 








How it will end 


There are thought to be three possible ways the 
universe will end. One is the Big Crunch, where 
gravity takes over and compresses it to one point. 
Another is the Big Rip, where the expansion of the 
universe gets faster until galaxies, stars, planets 
and space itself is torn apart. Then somewhere 
between these extremes is the likely scenario 
where the universe's expansion is not great enough 
for a Big Rip and gravity is not strong enough for a 
Big Crunch. Instead the universe will continue to 
expand, growing cold and lifeless - the Big Freeze. 





Closed universe 

The density of the universe is more than five atoms 
of hydrogen per cubic metre. There's no repulsive 
effect of dark energy and gravity eventually halts the 
universe's expansion. With contraction, all the matter 
in the universe collapses to a point - the Big Crunch. 





Open universe 

lf space is open and curved, the universe will continue 
to expand forever. Dark energy will help to drive the 
expansion. The result? Heat death, the Big Freeze or 
the Big Rip is imminent. Here the universe's density 
is less than the critical density. 





Flat universe 
With no dark energy, a flat universe will expand 
forever at a decelerating rate. With dark energy 

the expansion initially slows thanks to gravity, then 
speeds up. The universe's ultimate fate is the same as 
if it were open. Density and critical density are equal. 
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The eLISA spacecraft will attempt to test 
dees) eee ave 
detection. Gravitational waves create 

the ripples in space-time thought to be 
additional evidence for the Big Bang theory 


“Planck imaged the cosmic microwave 


background in unprecedented detail” 


like wee looking back to when time and space first 
shuddered into existence. 


Mapping the sky 


Penzias and Wilson were awarded the Nobel Prize 
for their discovery, but there was still much to learn 
about the microwave background - we wanted a 
map. The first mission to attempt this was the NASA- 
owned Cosmic Background Explorer (COBE) probe, 
which began snapping pictures of the CMB as soon 
as it was launched in 1989. Offering four years of 
service, COBE announced the very first map of hot 
and cold spots within the CMB brought about by the 
early universe's gravitational field that would later 
form the seeds of gigantic clusters of galaxies that 
stretch for hundreds of millions of light years across 
the universe. COBE’s lead scientist, George Smoot, 
also won the Nobel Prize, but hot on the heels of 
COBE came the Wilkinson Microwave Anisotropy 
Probe (WMAP). It boasted an improved resolution 
and got to work mapping the entire sky, logging the 
differences in temperature of the microwave radiation 
down to 25 millionths of a degree. What WMAP also 
uncovered told astronomers about the shape of the 
universe; they figured that since the boldest and 
brightest bursts in the map were a mere one degree 
across, then we must be living in a flat universe. 

By 2010, WMAP had sniffed out its last microwave, 
producing over nine years of information. WMAP had 
laid down some important foundations, making the 
mission a huge breakthrough. Meanwhile, as WMAP 
was put into retirement, a new space observatory 
was Waiting in the wings, ready and willing to build 
on our knowledge of the early universe thus far - 
ESA's Planck. Operating in a range of microwave and 
infrared frequencies, the spacecraft promised an even 
higher level of accuracy, putting its instruments into 
overdrive in an attempt to lock down any answers 
given away by the deepest recesses of the universe. 
And Planck gave as good as it got from the universe, 
imaging the CMB in unprecedented detail. It might 
have ended its mission in October, but we are now 
the proud owners of a more accurate picture of an 
almost perfect universe as well as a more prominent 
point in time when the event began. The truth of the 
matter is that this microwave background isn't the 
only feature of the universe that's telling us how it 
began - there's more tantalising evidence and weTe 
making sure that we're taking advantage of it. 


And these extra telltale signs are the ripples in 
space-time - gravitational waves. These elusive 
oscillations represent one of the missing pieces of 
Einstein's theory of relativity. Gravitational waves can 
be created by all kinds of massive objects, but some 
were also believed to have formed in the Big Bang 
and could still be rippling through the universe today. 
The problem is that it's not easy to directly detect 
them but their elusive behaviour means that the 
universe also has difficulty influencing them under 
its will. This is good news for us as they are the only 
known form of information that's able to reach us 
undistorted from the time of the Big Bang. The trick 
is catching them as you need incredibly sensitive 
detectors. Not put off by their shyness, scientists have 
been intent on pinning these waves down. Unlike 
the common electromagnetic radiation that we're 
used to, gravitational waves, which are the result of 
massive events such as the merging of supermassive 
black holes, like to work their way through all types 
of matter - whether it be gas or dust. 

Previous attempts to grab gravitational waves 
by the tail, which includes the likes of a large- 
scale experiment called the Laser Interferometer 
Gravitational-Wave Observatory (LIGO), haven't 
gone unnoticed but have sadly been fruitless. We 
need something better and while ‘advanced LIGO' 
is in the works for next year ESA has been thinking 
outside our Earth's atmosphere and straight into the 
thick of space. The plan is to build a mission that 
has the ability to deal with such a slippery character. 
Scientists think they might have that pegged with 
the help of a planned mission, the evolved Laser 
Interferometer Space Antenna (eLISA) - a large-scale 
space mission that will not only detect this elusive 
phenomenon, but will also be able to survey the 
entire universe directly with these waves, giving us 
more information on the formation of galaxies, how 
stars grow and the early universe. And that's not all, 
planned for launch in the future, the people behind 
the craft proudly proclaim that it will also be able 
to tell us more about the structure and nature of 
space-time. There will also be the opportunity for 
uncovering more about black holes as well as other 
unknown objects. Before it can begin to achieve its 
goals, an advance scout named LISA Pathfinder will 
launch in 2015, paving the way for eLISA to test the 
complex art of gravitational wave detection. 

As we understand it, from the reams of data 
brought about by the teamwork between missions 
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Tucked away in the highly populated city of 
Cre Mlle Gyles EEN MR as mer ie le scene einem sles 
Hadron Collider (LHC) - built by the European 
Organisation for Nuclear Research, which is more 
commonly known as CERN - has been hard at 
work accelerating particles to breakneck speeds 
close to the speed of light. The aim? To attempt 

COM ee CAMO N Oh UOOT A bomen ase A 
been like just a few minutes after it was born. The 
particle accelerator, which houses two detectors 
dedicated to pinpointing the moments during our 
universe's growth (LHCb and ALICE), works as a Big 
Bang-making machine. The differences are that this 
‘explosion’ is on a much smaller scale and scientists 
have a bit more control over it. 

For ALICE, the aim of the game is to smash 
particles of lead into each other to create a plasma 
that existed some ten millionths of a second after 
the Big Bang. “Lead atoms have all of their 82 
electrons stripped off and the positively charged 
altel mecca ee eel meh Reka erm 
speed of light in the LHC,” says the University of 
Birmingham's David Evans, who leads the team 
working on the ALICE experiment. “The lead nuclei 
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and, for a brief instant, create a super hot and dense 
sub-atomic fireball.” 

What these results show is that the tiny fireballs 
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the temperature of our Sun and, what's more, the 
aS Meet eee RM Bete meee er tt seiele 
“Such extreme temperatures and densities would 
have last existed just about a millionth of a second 
after the Big Bang and, under these conditions, 
protons and neutrons (which make up the nuclei of 
atoms) ‘melt’ into a soup of fundamental particles 
called quarks and gluons,” adds Evans. “This 
primordial soup is called a quark-gluon plasma.” 

GTM Oi ePe Ot Reman ame cele iia 
in ALICE is fairly representative of the early gloop 
of the early universe. “However, the fireball we 
create is much smaller than the one in the early 
universe and, hence, will cool much quicker,” he 
says, before adding that the results brought about 
a) Md ilome (Cel Cee Teom ile es lei ime) Mejor lagatce) ent inl 
our understanding of the early cosmos. “Although 
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the most perfect liquid ever produced. So it seems 
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incredibly small distances not much bigger than the 
nucleus of an atom. 

At the moment, the LHC has been shutdown for 
aati eet) Bled ee (elo Oe e800 eee elem MOP eT DTA 
again in early 2015, Evans and his team will be 
putting it to even more good use. “We will be able 
to collide lead nuclei at double the energy, creating 
even hotter and denser fireballs,” he explains. 
ae omc IAL ri aes mel rea UPN ITSM Oe) meet Nocera pny Ss 
endeavour to discover the properties of the quark- 
AMMA ee melee dal ee eTem Omens MU OM Ate ee 
Flee en ch ae 

Meanwhile, the team behind the LHC experiment 
will get back to trying to work out why there were 
Win eUR IMTOO Ui eMO MIN MINIRIGC mene mire e a 
course, the Large Hadron Collider has also done us 
proud by unearthing the Higgs Boson - the particle 
Goren are 0) 018) meme Ome meme mee eon 


“The quark-gluon plasma seems to 


behave like the most perfect liquid 


ever produced” pavia Evans 








Birth of the universe 


and theories, we think we've put together a pretty 
robust photo album - or timeline - from the 
universe's birth all the way through to its 13.8 billion- 
year-old self. Shortly after its sudden appearance, 
there was nothing except for a plasma soup. The 
universe was incredibly hot with particles of both 
matter and antimatter - the opposite of matter 
rushing apart in all kinds of directions. Then it 
began to cool, producing equal amounts of matter 
and antimatter, which swiftly annihilated each 
other. Lucky for us, for some reason that nobody yet 
understands, there was extra matter leftover and, 

as the universe began to peter out, cooling further, 
particles - the building blocks of matter - began 

to take shape. The first stars formed around 400 
million years after the Big Bang, followed by the first 
galaxies - the oldest galaxies we have seen so far are 
a whopping 13.2 billion years old. 

As much as we are sure the Big Bang happened, 
the nature of the universe still raises existential 
questions. Where did the universe come from? Why 
did it appear in the first place? Why was there more 
matter than antimatter in the early universe? Why is 
dark energy Causing the expansion of the universe 
to accelerate? What we do know is that the Big Bang 
was not an ‘explosion’ into anything, it happened 
everywhere, which is why everywhere is filled with 


the CMB. And we also know that the ultimate destiny 


of the universe depends on what wins the great 
cosmic battle over the fate of the cosmos: will gravity 
tug the universe back, or will dark energy keep it 
expanding forever? @ 


Missing pieces 

It might be the king of theories when it comes to 
explaining the birth of the universe, but the Big 
Bang theory still hits a few snags. 


1. Disappearing antimatter 

In the beginning, there were equal amounts of 
matter and antimatter - two materials that, when 
they come together, annihilate each other. Why, 
then, does our universe now contain mostly matter? 


2. The horizon problem 

Are the widely separated regions of the sky too far 
apart to communicate with one another? If they're 
unable to communicate, scientists are unsure how 
they know to have the same temperature. 


3. The flatness problem 

Evidence suggests that the present universe is 
pretty much flat. Experts think that its current form 
is a very unlikely result of the universe's evolution 
from the Big Bang. 


4. Galaxy formation 

Random bumps in the expanding universe may not 
be enough to form galaxies. In a rapidly expanding 

universe, gravitational attraction loses the fight and 
is too slow for these structures to form. 


5. The monopole problem 

The Big Bang predicts that a large number of 
‘Magnetic monopoles’ should have been made in the 
early universe. But they've never been seen, so, if 
they exist at all, they're much rarer than predicted! 











Astronomer David 
Coe is looking at 
the Big Bang's-deep 
| Space-consequences 
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of blackness, it is difficult to believe that there was 
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chaotic and ever-changing. But there is evidence 
everywhere and in all directions; the Hubble Deep 
Field - snapped by the long-serving Hubble Space 
Telescope - made sure of that. 

“The Hubble Deep Field revealed distant galaxies 
UN Oe e te AOU Cem ecO ON melo Tie eae 
explains Dan Coe, an astronomer at the Space 
Telescope Science Institute in Maryland, USA. 
ae Wie iene Ament eve le) cme Leben emetele me Cats 
orderly than nearby galaxies and yet to form spiral 
patterns or settle into elliptical balls.” 

Constructed from a series of observations over 
a period of ten days, this tiny snapshot - which 
is equivalent in size to a 65-millimetre tennis 
ball held at a distance of around 100 metres 
away - holds 3,000 objects, most of which are 
PELE G ac Miee soo PO) ba mG ee Mancow come Ven ent 
da tomn O]UNNT ear] Qe Tne DELO i Mel ia Me ene emma) cel reliant: 
ERO Ch Mere Melle) merce (ee) ene emcee yal n| 
the universe was young. “Distant galaxies appear 
redder,” says Coe. “This ‘redshift’ is due to the 
expansion of the universe. As the universe 
expanded over billions of years, it stretched light 
along with it into longer, redder wavelengths. 
Ultraviolet starlight emitted billions of years ago 
from distant galaxies has been stretched along 
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Coe and his colleague Jennifer Lotz, an 
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Telescope Science Institute, who leads the | 
Frontier Fields programme 





its journey to our telescopes to red or even 
Mee eA pre nae 

The advent of a new infrared camera on board 
Hubble saw astronomers take the opportunity to 
look into the universe's past and to reveal ever 
AOR Ol eee h a PON t ost mee nv Ae ee AT a 
if our eyes were as large as Hubble's, these galaxies 
would remain invisible to us,” says Coe. “We 
eae meee leh ems ee mens 
Ultra Deep Field dates back to 500 million years 
after the Big Bang, over 13 billion years ago.” 

But Coe and his colleagues are looking further 
still. “The Hubble Ultra Deep Field was about 
twice as big as the original,” he says. “We are now 
embarking on a large new Hubble programme to 
ee A een ecm Ol er Rem e-em melit ni ime ae 
of the sky.” The programme Coe is referring to is a 
new venture called Frontier Fields and will tell us 
how similar other patches of sky look to the Ultra 
Pewee ee metas nil erP mV OC88 (me eT 
cosmos is expanding in all directions. “It will also 
mae Pere Ot ie ane) Tune ee hie ele) ae) 
lenses to magnify the distant universe and observe 
even more deeply.” The Spitzer and Chandra space 
telescopes will also take images of the Frontier 
SP ee ee Ors 

Coe reminds us that terrestrial telescopes 
that have surveyed wide areas of the night sky 
have found that the universe looks similar in all 
directions. “Over billions of years, gravity has 
woven a ‘cosmic web’ of dark matter that funnels 
gas in to form stars and galaxies and draws 
galaxies together to form large clusters of galaxies,” 
he explains. “The onginal Ultra Deep Field may 
have landed on a dense cosmic knot or a cosmic 
void. That's why we need more Ultra Deep Fields, 
to sample more of the distant cosmos.” 


“The Hubble 


Ultra Deep Field — ‘ 
was about 
twice as big as 
the original” 
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Take your first steps into 
exploring the wonders 


of the universe! 





STARTER TELESCOPE 


3” mirror telescope with table mount, finder scope and two eyepieces. 


d=76mm, f=300mm, included 12.5mm eyepieces (75x magnification) and 
4mm eyepiece (24x), accepts standard 1.25" eyepieces. Very easy to set up and use. 


: a a = , 
; : Visionary binoculars and telescopes are manutactured and 
| , : distributed by Optical Hardware Lid and are available from 
| your local stockist. For more information, and to find your 
, , | : nearest Visionary stockist visil 


www.opticalhardware.co.uk/stockists 





All models and offers are subject to availability, Prices and 
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FutureTech Nautilus 





The artificial gravity spacecraft ae could 





take humans to the Moon and beyond 


When it comes to manned missions into deep 

space there are no shortage of proposals on the 
drawing board. People have dreamed up spacecraft 
with various fantastical elements, from futuristic 
e)Ce) LUV Ce)eM Nl aNs a MOOR Ne Wve laren eta elem | —cie 0 ale 
designs, but one proposal that warrants a serious 
glance is Nautilus-X. It's a spacecraft that builds 
largely on existing technology to make human 
exploration of the Solar System a realistic possibility, 
and at a reasonable price, too. 

Drawn up by NASA engineers Mark Holderman 
and Edward Henderson, this deep space vehicle 
might not be as exciting to look at as some of the 
other futuristic proposals being touted but it's 
certainly one of the most promising. The full name 
of the vehicle is the Nautilus-X, which stands for 
Non-Atmospheric Universal Transport Intended for 
Lengthy United States Exploration, while this type 
ere eee ee are aie eee wee ii e)n meas le 
Exploration Vehicle (MMSEV). 

Nautilus-X would be capable of supporting a 
crew of six for missions lasting from one month to 
two years. Although it might look like a mini space 
station, the whole thing is designed to be able to 
travel throughout the Solar System, be it near the 
Moon or Mars. Although not capable of descending 
to the surface of another.world itself, it has docking 
ports to which landing craft can be attached. 

The intention of the vehicle is that, once built, it 
could remain in space for many years with several 
different crews utilising it. For example, one crew 
could travel to Nautilus-X in an Orion spacecraft and 
then take the entire spacecraft to Mars for a mission 
ERG tlemCore mre MN Us Ul em an em Cdeler ete 
Nautilus-X at the conclusion of the mission and leave 
ditemsjar (Gard iM baci clei mele) amc ocle hme lem ueD abe Tem (8) 
another crew, while they travel back to the surface of 
Earth in their Orion capsule. 

Such an implementation would allow multiple 
rotating crews to make use of the spacecraft on 
a variety of missions. Solar panels would make 
ieee OUT e MMe ech eles) mm wunll 
on-board farms could provide astronauts with 
food. At the outset of a mission, though, it's likely 
astronauts would need to bring some supplies with 
them, perhaps on a separate spacecraft such as 
SpaceX’s Dragon. 


“Nautilus-X would be ca 
of supporting a crew o 


Another key feature of Nautilus-X is, as you may 
have noticed in our accompanying illustration, the 
centrifuge. It is well documented that prolonged 
exposure to space can have a debilitating effect on 
Fes iecw Nee iae eimai masl erie |= 
and bone strength. It is estimated that as much as 
ae oem e) Mees mnie mime mem ene een 
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artificial gravity environment could be essential for 
long-term exploration missions. The centrifuge on 
Nautilus-X would provide between 0.5] and 0.69 of 
Pec LUA A el ine ect mCe nto @ ble eric 
ares eee man EL MIL oe em ET Rela medi ment ar 
of the spacecraft or outside on a mission. Such a 
SN GeNer emblem bee sec Ce er cee IR eletla leery 
module for the International Space Station to test 
the technology, but unfortunately that now seems to 
be on hold due to budgetary reasons. 

On the subject of money, Nautilus-X carries with 
it a rather alluring price tag. The brains behind the 
project estimate it would cost around $3.7 billion 
FSR Been MeN OMIM as GMO mee eek Pabey. et 
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attractive, especially for the money-conscious top 
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But on that note, when could we expect to see 
ELAS eM OMA CU GT Olty Gi elcdperaee tM Gel Opto ie tale 
NASA's manned exploration funding is tied up in 
a number of projects, namely Orion, Commercial 
CreW Development (which includes funding 
for SpaceX, Boeing and Sierra Nevada 
Corporation's upcoming manned 
vehicles), the ISS and the Space Launch 
System heavy-lift rocket. The latter 
Ne) et le melm ert n]ere) ce) lene cael b ale 
and assembling the various 
components of this spacecraft 
in Earth orbit. Whether we a 
Rao ee etal tos WS 
fly is up for debate, but 
it's good to know that ™ 
NASA has a sound proposal oF 
for a deep space exploration bs 
vehicle if it ever does decide to go 
down that route. @ 
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run on solar power, so it 
wouldn't need to rely on any 
expendable fuel sources. 






NASA's Orion 
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vehicles as well, 
will be able to take 
FLUC EE Ul ewer lols 
RRMA ele, | 
by docking here. 


Docking port i a P 4 


The main corridor of the 
jee la- ere R a 
the different parts of it 
are accessed, would be 
6.5m (21.3ft) wide and 14m 
erie mene 


Command and control 
A Ree eee tear ese) 
doubles as an observation 
deck, the crew of six can 
operate and run the various 
aspects of the spacecraft. 


WWW.spaceanswers.com 




















































PN aay 
To assemble or move 
parts of the spacecraft, 
a Remote Manipulator 
System (RMS), similar 
to that on the 1/55, 
could be used. 


Two hangars would provide 
locations for landing craft or 
scientific probes to be stored 
FTeM eee em em U Le (eo 
is at its mission destination 
such as the Moon or Mars. 










Propulsion 
It's likely that Nautilus-X would 
Cee ame) ee) Eee 
cee eee 
additional propulsion pods could be 
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ene = 
Measuring up to 12m (40ft) 
in diameter, a centrifuge 
Je) ala areas mc: |e) 
eMC ne) | 


side thrusters could provide ame 
Paw E eC aLe et 
with as much as 69% of eee aL ee |e 


such as from a solar flare, 
astronauts would retreat to a 
eet email al elds emer pnelay 
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Extending from the centre 
eee es An 

Norma Arm is a somewhat minor 

spiral arm with a radius of up to 

10 Meee B40) ee cee) 
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part of it - the Outer Arm - 
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All About Space eles you on an alphabetical fetter , 
right through all 100,000 light years | a iS ee Ke lage. 
calls home - geet Milky a 
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It's one of many galaxies means _ , ee cents oe on 
vast expanse of the universe but the * Acurving streamer of ditt 


_ stars, gas and dust m7 ; =) 
OAV E ee Eb eae cee that . the Scubuitt ee, Ar 
we hold dear to us; among its 400, 


Bae | ST Eee ane) 
billion stars lies our home, making » 
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- the only place that we know for -* 


RMR mel eee 
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no dwarf - stretching some 100,000 - ) / , —_ | | ; 
light years across with a disc about —— a ee}. ! ee nee sa , Sie 
1,000 light years thick, our galaxy is ye  - | | ’ > ee 
a giant. Packed with stars, planets, 
dust and dark matter, the Milky Way 
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is given its heft, tipping the scales galaxy keeps under a and key. But ° 
at around 1.5 trillion times the Sun. given that we have only completed — 
Nestled at the heart of our galaxy, we around 1/1,250 of a revolution around A 
meet Sagittarius A*- the 4 million __its gigantic centre since humans first : a 
solar mass supermassive black hole appeared on Earth, we are coming on =e ad 
that burps out intense radio emissions leaps and bounds when it comes to Pe 
after feeding on gas and dust that fall exploring our galaxy. So get ready for . 
into its clutches. On the outskirts of a journey back in time to the work of . - 
Uae eee etn me mT itor ae G cee ete me C@ Pee mele mW alOn - 
satellite galaxies, tiny structures that _the missions that solved some of the | 
eel ee he) eee Ve ae eer mh ete et 

The subject of debate between closer to some ofthe different types 
cases Meee ee Tee em NET Y ele of stars and peer into the deepest 
lays (e)comeler ma itel-mny merle lm tM eben (a= regions of space at our Milky Way's . 
mV Ae ate dee ter em ewe elec | galactic neighbours as All About : - 
PPLOR al (eisai ee eve eee eee Space takes you on an alphabetic tour a . 
UM ds Comet Ore en ee mare meen of this great structure. @ 
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While we have never travelled outside of the Milky 
Way ourselves or grabbed a bird's-eye view with 
Maw eRe) Meili ales le Mee ene N ne 
eloW Gre) Ure Mellimh Eb aap eat nir) <<) 8 eee le nts 
ee imme) OTN EON a NTIn Meee men ets 
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of how the Milky Way should look according to 
our observations and piecing together of scientific 
models from Earth. And what they have come up 


Ag 
“= 


— 





Orem G Cw 
This minor spiral arm which 

se eit ew: elt seme mel OORT alt 
years across and some 10,000 
efile =e eee eee lel 
home can be found - nestled in 
the Orion Arm, or Orion Spur, 
about 26,000 light-years from 
et eel Eh centre., | 
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Home to a large number of 


Oa eae ewe ae . 


One of the major spiral arms, 


seen in the direction of the 
eget) lige) ee eR ee 
SN eee Milam occ 
objects such as the Crab Nebula 
as well as open clusters M38 
FT PE cae ean 





with is a structure of outstanding beauty, featuring 
four major arms of billions of hot, glowing stars 
that wrap around an incredibly bright centre before 
reaching out into the cosmos. Containing more gas 
FIOM MO hI Eh a ewe Gee Re me ladsle) rene) | 
young stars as conditions get so hot and cramped 
dur On CWO oCde ee) eee ne) ene ene) me 
Milky Way's arms, moving out from the centre, as 
diate PGE @ eee gt MO aii oer lal ce lene 
and the Norma and Outer Arms. 


Flea le ee ata te) ;. - 
and gigantic molecular clouds, — 
infrared observations taken by : a 
the Spitzer Space Telescope ~ 
uncovered an incredible amount. 
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‘Cosmic lee 
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AZ of the Milky Way 


Up to this point, you might imagine our galaxy 
as a perfect spiral - like what you'd expect from the 
intricate pattern of a seashell, but this isn't quite 
et ee Eee de Ue ee ea hi 
unexpectedly. As a result, features such as the Orion- 
Cygnus Arm are evident; smaller arms or spurs some 
3,500 light years across and 10,000 light years in 
SU le Ome e Smee eRe eer eh aie 
e)Gi me Ott eee Oe eee Teme) ime \ i000 
rest = 26,000 light years from the galaxy's centre. 





Barred-spiral 


The Milky si arms have to start somewhere 
and that’s from its glowing bright centre that 
hosts Sagittarius A* - a supermassive black hole 
around 4 million times the 1 our Sun 
that thro 
wavebands. Most galaxies 


SS ¢ of 
VS Out intense emissions in the radio 
feature a oe bulge 
at their centres - but not the Milky Way ac 
to experts. They figure that our galaxy’s pas 
saw it smashing into and merging with galaxies 
which left it with a pseudol — The evidence? 
A bar that locks across its heart, connecting the 
galaxy's arms; a feature that is hoth 
by galactic astronomers the world c over when it 
comes to agreeing on some of its characteristics 
; well as its very e 
With estimates at around 3,300 to 16,000 light 
years for its halfway point, some astronomers are 
wondering if this feature might possess 
ne ci within one another. Whereas some think 
that our Milky Way doesn't have a bar at all 
lov wever, for now astronomers have thrown oul 
mystenous oi XY into the barred-spiral category 
that's your standard spiral galaxy with 


iS Centre. 


cording 


¥ debated 


xIstence. 


two bars 


a bar 


wedged across | 


ay, you are likely to be confronted by cosmic rays; those high-energy particles 


dihle Ue ON leet ate ejb eee eee e Oe NO eet OTM -e ei te-MO tL n e-em en nec 
thrown out in supernova explosions. Since they come from stars, our Sun is no exception and cosmic rays that 
stream through the Solar System come from our star as well as the Milky Way itself. 

. Contact with cosmic rays would be fatal for humans on Earth but fortunately we have a barrier to stop 
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an. ya Nas ie Making its way further and further from us all of the time on its trek through interstellar space, the Voyager 
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about them - from their life history through to their dynamics in galaxies in general. 
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Shown ™ blue, SEs Uric ger tiBe ee hearts 


STAN) teT Ad ets inper region of Abel].1689, a cluster 
,_ of galaxies around 2.2 billion light years away - 
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Exoplanets 


by numbers 


Twenty percent of Sun-like 
stars In the Milky Way 
could have Earth-sized 
planets favourable for life 


billion saifenti 


3568 se 


exoplanets 
The Kepler Space 7 
Telescope has | | 
uncovered exactly 
3.568 candidate ~ Marks the year that 
= our next exoplanet 
planets as of 4 2 i, enue the a iss 
November 2013 -in — yepp Space Telescope, 
our galaxy alone! will be launched 


LOOQO 


' To date, over 1,000 
planets have been 
found in 794 
planetary systems 
in the Milky Way 
175 of the 794 planetary 
systems found hold more 
than one world 





At around 4.37 lieht 
years away, Alpha 
Centauri Bb will be the 
closest exoplanet to us, 
if confirmed 
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You most likely know dark matter as the elusive 
material we've never clapped eyes on that seems 
to hide most secrets about itself quite well in the 
process. It neither absorbs nor emits light of any 
EMO Tde POP eT O Perm Ore) MLO TMM) e) ome mele la 
eyes but also to a number of both ground and 
space-based telescopes. 
Se eC wet w re mere es 

SW oiled a IACOe UN eM ale Oi ON mei 
some astronomical objects - in particular galaxies 

don't quite tally up with the masses of the stars, 
PELE Rima eee ee ieeer belo 








supermassive black hole Sagittarius A* which feeds 


Ie EES eMe Mra ieh eI R ee diesel 
what NASA’s Fermi Telescope found right at our 
galaxy's centre surprised us all; a previously 
unseen structure spanning some 50,000 light 
years and glowing in X-rays and gamma rays. 

In these lobes, thought to have been made a 
few million years ago, the gamma-ray hunter had 
eae Ne eee eee hay 
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MA Meee meen mom imeem ele 
What precisely caused these great outbursts 
which span more than half of our visible night 
i ee MMOL Cee Teme pe OTT ee) bn 





id 


TCO OM OR ee Oem Or DA mena Cm One] 0 Ted Lance) 
ON Ret elem Alem lene leet eee enema 
total content of the cosmos. 

Pil (eee oem ce melee MLPA moll me Leo 
the scientific community on a hunt to track the 
Nase Mele eR Oli mire BOC ile 
felt in other ways. It plays around with the 
KOE SIEM eee ene) men meme eh a one rs 
vee ON ae a Ue eMe er C ee) eee Dea omen O rns 
their gravity, in what we refer to as gravitational 
lensing. To boot, these activities are happening 
not just inside our galaxy, but outside it too. 


The X-ray and gamma-ray image 
below shows the Fermi Bubbles 
extending 50,000 light years 
from the centre 
a ce = a yy oe 


astronomers have grabbed hold of the possibility 
DERE EHIS RU MOUs UT MOUNT mem NTHNI AM Ndr nle 
SUECIMP re ene ede ema i Brees he Len 
the help of a collaboration between the Parkes 
Radio Telescope in Australia and space-bound 
Wilkinson Microwave Anisotropy Probe (WMAP) 

Ficomclihj ea Seal One G IRON me (meen mel 
TCM RCM aie men Cpe ele enn ee ee manele 
pumps matter characteristic of magnetic fields 
into its surroundings. Not quite happy with this 
explanation either, some astrophysicists reckon 
that the collision between dark matter particles 
EVeM wee ie ele mcrae eee enormous 
annihilation - might in part be responsible for the 
mysterious lobes. 
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, Fi Whizzing around our Milky Way are a host of pint-sized collections of tightly bound 


stars known as globular clusters. These gatherings of hundreds of thousands of stars 
are fairly common with up to 158 of them known to be orbiting our galaxy. While 
were still not fully sure of how these clusters came about or what part they play in the 
evolution of these great structures, what we do know is that they tell the tale of star 
formation as they contain some of the oldest stars in the Milky Way. 

An impressive 90 per cent of the globular clusters we know to be hanging around 
our galaxy rest around 100,000 light years from its centre and can be found in its 
halo - an area free of dust and found to be | 
hanging on to old, lower metallicity stars 
that are often quite red in colour. 

Our galaxy is flanked by smaller dwarf 
galaxies. One such satellite galaxy is the 
elliptical loop-shaped Sagittarius Dwarf 
that holds on to four globular clusters. 

What's interesting about this galaxy is that 

it appears to be eager to donate its clusters 

to the Milky Way as is the hotly debated 

Canis Major Dwarf that hangs close to our 

galaxy. Could this be how the Milky Way Po Sat > ae sis s bod gia | 
acquired its store of clusters in the past? Globular clusters contain hundreds of 
Astronomers believe that it’s feasible. thousands of stars 


If there's one person that could have pinpointed 

our place in the Milky Way galaxy, it was American 
astronomer Harlow Shapley. And that’s exactly what 
he did with the help of globular clusters that he 
began studying in 1914, plus a 1.5-metre (60-inch) 
reflecting telescope at the Mount Wilson Observatory 
in California. 

Armed with what was hailed as the world's most 
powerful telescope at the time, Shapley wondered 
how far away the tightly bound clusters of stars that 
he could see through his eyepiece were. He got his 
answer with the help of the highly luminous Cepheid 
variable stars, which, as discovered by astronomer 
Henrietta Swan Leavitt, were found to give a period 
of variable brightness over time. Using this method 
Shapley was able to measure the distances to these 


sy " ay | | Terste eis stars. And, given that these Cepheids were nestled in 


the globular clusters he was studying, he could get 
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> ti - It might be called space, but those regions between the stars in finding a way to measure the 
ae. eee « * our galaxy are not completely empty. It's often filled with gas and distance to even the furthest 


PPL sp Bast atiriecwieael melee eel eResrieceBectaete owente clusters, the astronomer 
or Cap also be found to be lurking. We call this the interstellar medium found himself mapping out 


fo es oe . EIB IO Emer e Mr eee sme Meurer leh eeu) ae lacce his findings and realised that 
a CO somewhere between. 10 and 15 per cent of its mass. he had in fact built an overall 
. : a a x at's evi osha iO eat el meal me Cee Oem en elm eta picture of the Milky Way galaxy 
7 % ‘: eg *«.<interstellar gas, astronomers still find.it to be a bit of a hindrance and its monstrous size. What's 
et. le _ "especially since it blocks’ out a lot of'starlight. Without it, we would more, he was able to pinpoint 


’ tie el di bé able to peer through the galaxy’s entire 100,000 light year disc our Sun's position within it. 
| * much more than the 6,000 light years we can currently ead 


Shapley played a large 
role in pinpointing 
our place inthe J 
Milky Way 
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Jets 


As well as feeding on gas and dust, our Milky Way's 
black hole likes to shoot out a torrent of highly energetic 
particles. Astronomers had long suspected that 
Sagittarius A* was hiding something from us and now, 
as Of late 2013, we have evidence thanks to the efforts 
of NASA's Chandra X-ray Observatory and the ground- 
based Very Large Array radio telescope. Jets can be 
found throughout the universe on both large and small 
scales - they can be found emanating from young stars 
to black holes thousands of times larger than the Milky 
Way’s. Their role is important, as, without them, the 
birth of young stars wouldn't be regulated. 

While Sagittarius A’ likes to consume everything, 
like all black holes, it doesn't eat as much. This means 
that the jet thrown out isn't very strong at all, making it 
difficult to detect. That is, until now. 








A stellar line-up showing the 
different types of stars that we can 
find in our galaxy 
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with a distinct orange colour, K-types are around 
0.6 to 0.9 times the mass of the Sun; almost 
reaching a similar mass to our star and sizzling 
Get eNO Me ON A tome AN oT 
3,600 and 4,900 degrees Celsius (6,500 and 8,850 
degrees Fahrenheit). 


30 


Strong evidence for a jet coming 
from Sagittarius A* was uncovered 
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However, although they are similar to our star, 
these orange dwarfs are in fact a bit more stable 
than our Sun - being able to last the distance for 
15 to 30 billion years in comparison to our Sun's 
10 billion before it swells into a red giant. What 
this essentially means is that these stars are of 
Eas UIE M Nica U NPM e Nim COM OLIN aNnT emia) 


SGC et dee eevee ele ai em mee Celene 
plentiful at around three to four times as abundant 
as stars like our Sun, making finding that holy grail 


of a rocky, Earth-like world that little bit easier. 























That dusty band of stars that you can find 

Ue abe eee ceo Osan Qe ee ee ea Olen 
eyes, it's none other than the Milky Way. The 
splash of stars that makes a hazy white path 
through a range of around 30 constellations in 
both the northern and southern hemispheres 
with the brightest part of the galaxy - its 
luminous centre - lacing through the ° 
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The individual stars that you are able to pick 
out with the naked eye belong to our galaxy, but 
the band of white light that’s about 30 degrees 
peste nn nreee aCe Ree a eel en 
professional and amateur astronomers alike refer 
Corea ate eae ae ne nee 
thrown out by stars and material - is Something 
that you're unlikely to be able to resolve into 
SIC DER LHO MOU) mae (e) i eel ea 0) Cee 
dark spot, then our galaxy will certainly give . 
you an eyeful of uncountable stars and even. 
more so with a telescope or binoculars! 
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Local Group 


We know were not the only galaxy in the universe. 
Just a quick glance at the Hubble Deep Field - an 
image snapped by the Hubble Space Telescope that's 
crammed with galaxies of all different shapes, sizes 
and distances along with the Andromeda Galaxy - 
offers plenty of evidence for that. Stretching some 
ten megalight years into space we find ourselves as 
part of a membership along with more than 54 other 
galaxies; known as the Local Group. The biggest 


LMC 
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1 kilolight year = 1,000 light years 








Andromeda Galaxy 


NGC 185 NGC 147 


NGC 6822 


galaxies dominating the party are our own galaxy 
and our closest spiral, Andromeda, followed by the 
only unbarred spiral in the group, the Triangulum 
Galaxy. Flocked by their satellite galaxies along with 
a menagerie of galactic dwarfs, the members of the 
Local Group are continually dispersing at a rate of 
almost 65 kilometres (40 miles) per second. This 
grouping of galaxies is also nestled within the 110 
million light year across Virgo Supercluster. 


Magellanic 
Clouds 


If you look up in clear southern hemisphere skies 
you'll spot two of our galaxy’s neighbours, the 
Large Magellanic Cloud and the Small Magellanic 
Cloud - they can be found around 160,000 and 
200,000 light years away, respectively. They 
might seem like the shattered pieces of our Milky 
Way, but a closer look reveals them as irregularly 
shaped dwarf galaxies with bar structures wedged 
across their centres. And even closer inspection 
has led astronomers to think that the smaller of 
the two may be split into two, dubbing the extra 
piece as the Mini Magellanic Cloud. 

Since they hug our galaxy quite closely, both 
have been tugged at by the gravity of the Milky 
Way but our galaxy hasn't got off scot-free, the 
tidal interactions have also pulled at the Milky 
Way's centre, warping its disc to a noticeable 
extent. Trails of hydrogen gas can be found 
chaining the Magellanic Clouds and our galaxy 
together but, despite holding on to each other in 
such a fashion, they differ wildly. 

Both dwarf galaxies are brimming with 
hydrogen and helium and are home to metal-poor 
stars - those devoid of elements such as carbon, 
nitrogen, oxygen and neon. The Milky Way is 
the complete opposite, supporting a menagerie 
of metal-rich and metal-poor stars, a witness to a 
long star formation history, while it’s also teeming 
with clumps of dust and gas. 
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© Velocities and distances 
How fast are these stars 
moving and what distance are 
they covering? This axis of the 
graph presents this value for 
each of the stars on the plot. 





orts constants 


We know that galaxies can't stay still; they can be 
found to be moving away from us as well as crashing 
into each other and warping their structures in the 
process. However, they're also moving in another way 
- they're rotating - and the Milky Way is no exception. 

The way that everything in the galaxy moves 
around its centre is not quite what you'd expect. Our 
Milky Way moves in mysterious ways preferring to 
rotate like a fluid rather than the solid that it seems 
more akin to. 

It was Jan Oort who first recognised this in 1927. 
The Dutch astronomer - who you probably recognise 
as playing a massive part in suspecting the Oort 
cloud; the swarm of icy cometary bodies surrounding 
the Solar System - got a helping hand from a small 
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fraction of stars in our Sun's neighbourhood. He 

not only found that our galaxy is rotating, but stars 
further out from its centre are taking longer to 
complete one lap compared to those who have a 
shorter distance to travel at the centre and so can just 
whip around relatively quickly. 

Imagine a star between us and the galaxy'’s 
centre. Given how the stars move, this star will not 
always be between us and the centre of the galaxy 
and it will not always be at the same distance and 
will continue to get further and further away from 










® Oort's constant B 


® Oort's constant A 


This graph shows the velocities, 
distances and galactic longitudes 

of stars in our galaxy. While not a 
fully accurate way to measure Oort's 
constants, astronomers follow a 
similar pattern to find them 












Galactic longitude 

This is the distance from the 
Sun through to the Milky Way's 
centre along our galaxy’s plane. 


us. This star has a motion relative to us. And it is 
here that Oort gave us Oort's constants; a couple 

of measurements that are the bones of the relative 
orbital motions of our Sun and Stars in our very own 
neck of the galactic woods. Constant A - the shear of 
the galaxy - is measured at around 14.8 kilometres 
(9.2 miles) per second for every 3,260 light years, 
whereas the second, Constant B, tells you about a 
Star's tendency to orbit around its chosen point in 
the galaxy’s disc. Oort measured -12.4 kilometres (77 
miles) per second for every 3,260 light years here. 





“Our Milky Way moves in mysterious 
ways preferring to rotate like a fluid” 


Project Milky Way 
The Milky Way needs you! And that's why the people 
of the Citizen Science Alliance behind the Milky Way 
Project, which forms part of the Zooniverse web portal 
alongside the likes of Galaxy Zoo, Planet Hunters and 
SETILive, have made it easy for you to just log on 

and classify the weird and wonderful objects that our 
galaxy has to offer. Using infrared images snapped by 
the NASA Spitzer Space Telescope and Herschel Space 
Observatory, the name of the game is to help scientists 
identify bubbles in the Milky Way galaxy by simply 
drawing a circle around them for experts to have a 
closer look at. These bubbles could be the result of the 
light of massive, young stars creating brilliant shocks in 
the space gas found between them. 

But that’s not all - from the get-go youre likely to 
come across wispy green material found near these 
bubbles thought to be possible sites of star formation, 
and clusters of stars among other objects such as the 
remnants of supernovas and newly discovered galaxies 
as well as the mysterious fuzzy red objects that seem | 
to appear. Head over to www.milkywayproject.org 
to get started! 
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~ Quasars 


They're the most luminous, 
energetic and powerful objects in 
the universe. Quasi-stellar radio 
sources, or Quasars for short, can 
be found nestled at the centres 
Me) @ihiee ele b ame) elena 
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region fed by the accretion disg- a 
pancake of diffuse material that 
loses chunks of gas and dust while 
orbiting the black hole. 
lei cee tenement 
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The Sloan Digital Sky Survey is probing the 
Milky Way for its secrets 


Sloan Digital 
Sky Survey 


The Milky Way-mapping Sloan Digital Sky 


Survey (SDSS) in New Mexico, USA, has been 


exploring the Milky Way and the galaxies 


beyond it since the year 2000 to uncover facts 


about its early years, what it looks like now 


and its future. In 2005 its Sloan Extension for 


Galactic Understanding and Exploration, or 
SEGUE, survey obtained spectra of 240,000 
stars to create a detailed three-dimensional 


map of our galaxy. The SDSS continues to track 
down supernovas, monitor thousands of bright 


stars for exoplanets and brown dwarfs and 
penetrate the galaxy’s obscuring dust to grab 


an even better map of the Milky Way with the 


help of SEGUE-2. 
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Quasars are the most powerful 
objects in the universe as well as 
the most luminous 


What we expect to happen as the Milky Way 
and Andromeda approach each other to collide 


Tidal for 


We see it as the smash-up of all smash-ups - the 
inevitable collision between our Milky Way and 
the neighbouring spiral, Andromeda. We're used to 
galaxies Moving away rather than heading for us, but 
the truth is that they are both racing off and crashing 
into one another more often than you might think. 
Despite Andromeda heading towards us at around 
400,000 kilometres (250,000 miles) per hour a 
collision between the two giants won't happen until 
about 4 billion years from now. The reason this is 
going to happen is all down to the gravity of dark 
matter surrounding the pair, knitting them together 
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Everything about red dwarfs is low. They have very 
low mass, only reaching about half the mass of our 
Sun, and low temperatures of less than 3,/00 degrees 
Celsius (6,/00 degrees Fahrenheit). As a result their 
cores generate energy at a very low rate, putting out 
as little as 1/10,000 the light thrown out by the Sun. 

However, a look around the Milky Way reveals that 
they are the most common type of stars here, making 
up a good three quarters of the galaxy’s stellar 
content. In our part of the universe, we're surrounded 
by mostly red dwarfs with the closest being Proxima 
Centauri - 4.24 light years from us - and 20 of the 
next 30 closest stars are also red dwarfs. 

These stars, which are the hangers-on of the star 
world, like to take their time - trillions of years to be 
exact - when it comes to using up their hydrogen 
fuel, meaning that they can outlive the universe 
without too much trouble. 


so tightly that they resist the expansion of the 
universe, causing Andromeda to be drawn to us. 
When this spectacular collision occurs, tidal forces 
will create a single elliptical galaxy, kickstarting 
a preat burst of star birth. What's left of our Solar 
System after our Sun evolves into a swollen red 
giant will be dealt with by gravitational disturbances, 
tossing it even further from our galaxy's centre. A few 
billion years after ‘Milkomeda’ has been made, our 
third largest neighbouring structure - the Triangulum 
Galaxy - will join the party, with tidal forces causing 
it too to merge. 
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The Hubble Space : 
Telescope has uncovered Unique 
that our galaxy is unique | 
in terms of its formation Stars? Check. Gas? Check. Dust? Check. Black hole? 
and evolution Check. Ask anyone what they think is the most 

unique thing about the Milky Way galaxy and they 
might be stumped for an answer; especially if the 
most unusual thing that they can think of is that it is 
the only galaxy - that we currently know of - to host 
life. While this might be one of the unique things 
about our home, it’s not the only feature. 

According to the long-serving Hubble Space 
Telescope, our Milky Way galaxy is unique in its 
own right, especially when we look at how it formed 
and evolved later on. It's a popular theory that spiral 
galaxies are the result of a cosmic smash-up between 
galaxies, causing them to morph arms among other 
weird shapes. However, despite being a spiral galaxy, 
the Milky Way seems to have been spared most 
of the drama, avoiding punch-ups between other 
structures and turning into a spiral all by itself. 
Clearly this doesn't quite fit our picture of the Milky 
Way's history and astronomers have to do a bit more 
work to figure out where our galaxy becomes part of 
galactic models. 

And that's not all, the Milky Way belongs to quite 
a fare subset among the billions that populate the 
cosmos. That is, only around four per cent of galaxies 
are like ours. 





a Dy — ra) 
me Bee B el Tee 
- ead ant a a re 5. gx cs be he ~ me = 


_ sae 7 = ' 7 he 
TORO R RM re LOR ree tae oD 


fully operational in 1993. oT SNE TIE TD: 
eee Me IS 8 02 EECA 
makes its observatic veleng 
een R nae 


frequencies fh Orr ie ers The Very Long 


eke oc wie welch ae ise ener it ate , | Baseline Array, 
Nn eL Be i faanel or: oe Se ee coeds a which consists of 


alactic nu fe “RES Po! telescopes across the 
looking at how oirtoea a enn aeatn a 7 United States (white 


But not one to forget the very arms that cradle our own 
Solar System, the VLBA is also peel dats MS Way 
for Ne Boo - 


; Jilat = aise oni t 
I > J | = i | Bit Ge aw 1 a i 
ai hee mee = ane : 


ett ie eri Bera. lai ce)t ia 
aie lbs ait a as Pe 2010, Fi beg 


eB structure. 


eit wWW.spaceanswers.com 





* 
. eee* te “ers *, 
eee E Tea tie es heels oy oe ot 
#  warleh AoE rae Ate ee fF cnc asthttencansttey 
AE AE EN EN Cotter tL pe pakiababeae 
. [ ae : 4 _ “ut . agg te wll ® *s ae so, "es eee ) ope 'he e z « eit : 
Wiedas aun sagt bierieccnaurenan tit tea eatte sia perr che cet eee eed ge 
* tects ‘ba te 6848s aera ee ee ee ee 7 
With se ot Tusieecetes RUHL eee a, 
fst p aon AYER EEE oes ea BEE TEE EEO eA 
ee eetirpametyd set sea Nese teens yee tremens reed Rg Se tata baat get erie beta ‘Sefer tne hv 
aanoafties tit PEN MSS rele E Eh to Lint aianesea pep ptemeegel sagas gtawe Sa kg) tA ae ‘ 
ee emeeds wa Ras S Gee cess teins Tee} oust at, Ca eee pee, ete ate tt Feed ees 
Wengen RF rap ata rests ss te hsslath sree eee teh escaege ® 
BM irsissen seer saat teehee eed en ete aly 
al Ht pega tans ena +; P its t “wag a 
a Wisc te fesgtas Atenas chet ee tse Herschel's 18th Century map of 
* a) Ls ats # ee demas * 2a 
* ee ie teat the Milky Way galaxy 








Since we have never 
ventured outside of 
our galaxy, looking at 
it from above or below 
is quite a task. Of course, 
we might not have been able 
to blast off into light years of space, but with a long 
line of past, present and future missions as well as 
complex models we've got the next best thing by 
getting a bit of a helping hand in mapping what our 
home - from its centre to its outer edges - looks like. 
Earlier astronomers didn't have such a luxury. So 
spare a thought for William Herschel, who, in the 
1780s, counted all of the stars he could see with his 
telescope in more than 600 different locations in the 
night sky. Incorrectly thinking that all of the stars 


Yellow dwarts 


You only need to step outside on a relatively 
sunny day to be in the presence of a yellow 
dwarf - our Sun. Our star belongs to the 
G-type spectral class; these stars can weigh 
between 0.8 to 1.2 times the mass of the Sun, 
with a surface temperature between 5,000 

to 5,700 degrees Celsius (9,000 to 10,300 
degrees Fahrenheit) and they own a core; 

the powerhouse that converts hydrogen into 
helium, turning around 4 million tons of 
Matter into energy every second. As a result, 
stars belonging to the yellow dwarf family, are 
capable of outshining a good 90 per cent of the 
other types of stars that populate the Milky 
Way. However, while they might be brilliant, 
they aren't very common in our galaxy with as 
little as 20 per cent found in the Milky Way's 
ereat winding spirals. 

The Sun - and other stars like it, such as 5] 
Pegasi, Alpha Centauri A and Tau Ceti - might 
be called yellow dwarfs but this is a relatively 
loose term. And it's all down to the trickery of 
our Earth's atmosphere. The scattering of light 
causes us to see these stars as quite yellow, but 
in truth they're extremely white only revealing 
a slight hint of colouring when we escape our 
planet's somewhat confusing atmosphere. 








he could see had the same brightness, he calculated 
the distance to each of them. And, using his 
measurements he made a map of the sky according to 
the number of stars he counted and their distances. 
He even managed to plot where he thought the Sun 
should be - if you look carefully at the map above, you 
should be able to see a darker spot close to the middle 
and therefore close to the centre of the Milky Way. 

Herschel was right in thinking that our Sun is 
closer to the centre of our galaxy than its edge. 
However, not fully aware of the swathes of gas and 
dust that block out the brightness of stars, he wasn't 
quite correct in his measurement of our galaxy’s size 
and shape, which he thought was flat. But given his 
impressive and dedicated measurements, it certainly 
was a nice try. 


When astronomers talk about redshift, they 
like to refer to it using the letter z. And 
MIM Gir eee le hee eee 
universe was the aftermath of the Big Bang 
the creator of time and space - redshift 
is an important concept to astronomers; 
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A-Z of the Milky Way 





This image shows the thousands of movements that 
the XMM-Newton space telescope makes as it shifts 
its gaze from one X-ray object to another 


ANIM-Newton 


Blasting off into space in late 1999, the ESA- 
owned XMM-Newton spacecraft's goals were 
simple: get into an elliptical orbit around Earth 
and hunt for X-ray emissions originating from 
objects in the universe and attempt to map the 
mysterious dark matter using a combination of its 
on-board telescopes, cameras and spectrometers. 

It has made several discoveries, including the 
galaxy cluster XMMXCS 2215-1738, but XMM- 
Newton has also made our Milky Way a target - in 
particular, the whirlwind of activity at its centre: 
the young stars born to dense clusters as well as 
the stars, molecular clouds and gases found to 
swirl around our galaxy’'s black hole. 
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Redshift key: 

QO <z<0.01 
0.01 <z<0.02 
0.02<z<0.03 
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Landing equipment 
Sophisticated landing 
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Why do satellites fall? 












OU Can Usually see them stuck in orbit, but sometimes they come crashing 


ela ; All About Space looks at why satellites fall 


Se 


‘ 


é\ 


ct 


7 


A : 
ct 









8 s] 
Ye 
J 
J 
1 


ye 








“Many satellites burn: 
up duringre-entry — 
and don'tposea  ~ 
threat to anyone” “ ~~ 
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We've all seen it on the news - satellite 
falls to its fiery doom, or - even more 
Oia eOOh hme Eom e Feet | 
satellite set to fall to Earth very soon; 
location to be decided. That's just how 
it is with the majority of satellites - 
some of them fall from their orbits 
eC UCC ONC eP Cement ome cra til 
down on our planet's surface is usually 
something we won't know until it 
Gaerne) eens 

Take the European Space Agency's 
Gravity field and steady-state Ocean 
Circulation Explorer, or GOCE, for 
example. This marvel of technology 
and engineering began dropping 
gradually from its orbit over three 
weeks on an uncontrollable descent 
towards Earth shortly after running 
out of fuel in October 2013. As it began 
to hurtle ever closer to the Earth's 
atmosphere, there was a media frenzy 
as GOCE gave into gravity with several 
tO OG wedb ori T OTe COL oe Lee 
kilogram (2,425 pound) satellite - 
which served as its space agency's first 
Living Planet Programme satellite to 
OE \ERO tele seks a eee ene 
land. 

Its descent might have been 
uncontrollable but, as it smashed 
through the layers of our atmosphere, 
Mie Mti Me) MC eae meter cob 
grow a bright smoke tail and break 
into two before disintegrating near the 
Falkland Islands. In truth, we were 
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behind what causes a satellite to fall? 

To understand the answer to this 
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. why they stay on the racetrack 
that is their orbit. It's down to the 
EIEN mek eA OR mma eel alt 
factors - the satellite's speed and 
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(16.4 feet for every five miles) along 
Bre PCO ei eee 
in order to stay in space, a satellite 
must move at a speed that allows it 
to travel eight kilometres (five miles) 
before dropping five metres (16.4 feet). 
As you'd expect, those put in low 
Earth orbits have to fight much harder 
against the Earth's influence. So, in 
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have to move much more rapidly in 
their orbits. 

Earth is surrounded by many 
artificial objects - from fully 
AUS I Erie ite e)t alee eee mn oT 
day-to-day observations to spent 
boosters - with well over 500,000 
ejle-eetieM a) ewe ter ene ie)ilat ss 
it really is quite cluttered up there. 
Satellites that are no longer useful 
to us are often moved into higher 
orbits, no longer containing enough 
fuel to fight against our planet's 
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atmospheric barrier. Out of the way of 
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will just deteriorate over time in their 
graveyard orbit. Others are meant to 
be pulled through the atmosphere, 
with the majority of them burning up 
during re-entry - just like GOCE - and 
not posing a threat to anyone. 
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are subject to orbital decay - that's 
the prolonged dropping in altitude 
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sometimes the 

satellite are just 
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phere. This means 
poses a threat to us - 
ecially if we're not sure 
where it’s going to land. 


usually due to a drag put in force by 
the Earth's atmosphere and most 


commonly affects low Earth orbiters. 
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space station - which didn’t break-up 
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of Australia - and gives scientists a 
reason to regularly boost the orbit of 
the Hubble Space Telescope. @ 
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re-entry of Skylab in 197¢ 
debris has rained over land. 
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Russian space agency 
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Russian space agency 
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By 1957 the R-] had been upgraded to the R-/ 
Semyorka intercontinental ballistic missile (ICBM). 
Although initially intended for militaristic purposes, 
this rocket would become the cornerstone of the 
Soviet space programme and indeed Russia's modern 
rockets, namely the Soyuz-U, would build upon 
the same design and technology. The four strap-on 
boosters surrounding its core was a revolutionary 


design that allowed manned spacecraft to reach orbit. 


On 4 October 1957 the Soviet Union stunned the 
world when it launched the world's first man-made 
satellite, Sputnik 1, aboard a modified R-7 Semyorka 
rocket. The launch was a blow to the USA, who had 
thought it was ahead of the Soviets with its rocket 
technology, thanks in part to the huge degree of 
secrecy that the Soviet government insisted upon 
in its space programme. In fact, many details of the 
Soviets’ space endeavours were not revealed until the 
early Nineties following the fall of the USSR. 

With the success of Sputnik 1, Korolev was 
tasked with accelerating the manned Soviet space 
programme. In what was arguably his greatest 
accomplishment, on 12 April 196] Yuri Gagarin 
became the first human to enter space aboard a 
Vostok spacecraft, a vehicle that at one stage had 
been intended as a spy satellite. 

In his “We choose to go to the Moon” speech in 
September 1962, President Kennedy made it clear 
that America’s intention was to land humans on the 
lunar surface. Korolev's plans, however, were wildly 
more ambitious. He was in the process of designing 
spacecraft to take humans to Mars as early as 1968, 
utilising orbiting space stations in the process. It was 
an infatuation that he largely kept secret from the 
Soviet government for fear of reprimand, and later 
he would be forced to shelve his dreams in favour of 
competing for a lunar landing. 

As the Cold War escalated the Soviet space 
programme was able to enjoy a large amount of 
funding as the government pumped money into the 
research and development of missile technology. 

It's estimated that there were as many as 30 rockets 
or spacecraft being worked on in the early Sixties, 
and by the mid-Sixties the Soviets had achieved a 
huge number of space firsts, including the first probe 
launched to Venus, the first woman in space, the first 
spacewalk and the first unmanned lunar landing. 

In 1966, however, the Soviets would be dealt a huge 
blow following the death of Korolev. 

The Soviet space programme was already fraught 
with internal bickering. Several chief designers were 
vying for control, despite Korolev’s successes, and it 
wasn't until 1964 that he was given complete control 
after years of wrangling. In the same year the Soviets 
would decide to directly challenge the US in landing 
humans on the Moon, with a somewhat ambitious 
target of 1967 given to Korolev, 

He immediately began to focus efforts on a heavy- 
lift rocket to rival NASA's Saturn V. The N-1 rocket, 
whose development actually began in 1959, was 
meant to be larger and more powerful than anything 
the Soviets had launched before. With a payload 
capacity of at least 90,000 kilograms (200,000 
pounds), it would have the lifting capacity nec@ssary, 
to take a manned spacecraft and lander to the Moon. 

But with progress on the rocket continuing apace, 
Korolev would die from a combination of heart 
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Mir as seen from 
Space Shuttle 
Atlantis above New 
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disease and cancer on 14 January 1966 at the age of | , ~ Modern Russian 


59. His successor would be Soviet engineer Vasily 
Mishin, who oversaw one of the worst periods in the 
Soviet space programme. Lacking the authority of 
his predecessor when dealing with his rivals, Mishin 
approved the flight of the vastly under-prepared 
Soyuz | spacecraft on 23 April 1967 in a doomed 
attempt to gain credibility, The mission was a disaster 
with its sole cosmonaut, Vladimir Komarov, being 
killed during a botched re-entry. 

Things went from bad to worse for Mishin. On 21 
February 1969, two months after the US had sent 
men around the Moon on Apollo 8 and several 
months before the Apollo 11 mission, the first 
attempted unmanned launch of the N-1 lunar rocket 
saw it explode 69 seconds after liftoff. The next three 
attempted flights, culminating on 23 November 1972, 
would also end in failure, Coupled with the success 
of America’s lunar programme, the USSR cancelled 
development of the N-l rocket and in turn ended its 
attempts to land men on the Moon. 

In fact, prior to this final failed launch, the Soviets 
had already begun preparations to shift their focus 





“The first attempted unmanned launch 
of the N-hhanar rocket’saw it explode 
69 secondsrafter liftoff" 
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Orbital module ™ 


This module contains living 
Jere Be) gee 
and the docking ring needed 

to dock with the ISS. — 








Descent module 
Oi pee eee meee eae 
and re-entry and it is the only 
module that returns to Earth, 
with the crew of three inside. 
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The modern Soyuz TMA-M 
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(8.9ft) in diameter and weighs 
7,.150kg (15,760lb). 
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missions 
1. Sputnik 1 

4 October 1957 
Completing over 1,400 orbits 
of Earth in 90 days, Sputnik 

1 was the world’s first man- 
made satellite. 


2. Lunokhod 1 

10 November 1970 

Luna 1/ was the 17th of the Luna 
Moon probes and carried with 

it Lunokhod 1, the first rover to 
operate on the Moon. 


3. Venera / 

15 December 1970 

This Soviet probe was the first 
spacecraft to successfully land on 
another planet and return data. 


4. Vostok 1 

12 April 1961 

Yuri Gagarin became the first 
human in space on 12 April 1961 
aboard Vostok 1. 


5. Mars 3 

28 May 1971 

A lander released by the 
Mars 3 orbiter performed the 
first successful landing on the 
Red Planet. 


6. Soyuz T-15 

13 March 1986 

The first, and to date only, 
spacecraft to visit two space 
stations (Mir and Salyut 7) in the 
same mission was Soyuz T-15 
with its two-man crew. 


7. Salyut 1 

19 April 1971 

The world’s first space station 
was Salyut 1, launched on 19 
April 1971. It was followed by six 
more including Salyut 7 in 1991. 


8. Progress 

25 November 2013 
Three to four Progress vehicles 
dock with the ISS every year, 
including most recently on 25 
November 2013. 


9. Mir 

20 February 1986 
Launched on 20 February 1986, 
Mir was a huge success for the 
Soviet Union and later Russia. 


10. Expedition 1 

31 October 2000 

On 31 October 2000 a Soyuz 
spacecraft took the first long- 
duration crew to the ISS. 





Russian space agency 


to developing, building and operating a series of 
space stations in Earth orbit and, in doing so, pre- 
empt NASA’s Skylab space station. The first of these 
was Salyut 1 in 1971, which would itself experience a 
devastating failure; during re-entry a ventilation valve 
opened and their Soyuz spacecraft depressurised. 
This tragically killed all three crew members since 
at the time, they did not wear their space suits while 
in flight. Following the fatal incident, all cosmonauts 
were required to wear pressure suits on launch and 
re-entry. 

But Salyut 1 was merely the first in a series of 
mostly successful space stations in the Salyut 
programme as the Soviets endeavoured to perfect 
manned occupation of Earth orbit. Mishin was 
removed from his post following the Salyut 1 disaster 
and his successor, Vladimir Chelomei, achieved a 
great many successes with the Salyut programme. 
In the same decade the Soviet space programme 
added to its burgeoning list of accomplishments, 
including the Venera series of unmanned spacecraft 
that landed on and orbited Venus numerous times. 
And, in 1975, we saw a groundbreaking moment in 
the relationship between the US and USSR when 
an Apollo and a Soyuz spacecraft were docked in 
Earth orbit in the Apollo-Soyuz Test Project (ASTP), 
heralding a new era of exploration that favoured 
cooperation over competition. 

The missions we've highlighted so far were 
just a portion of the extent of the Soviets’ space 
endeavours, though. Even into the Fighties there 
were numerous spacecraft in development including 
the Buran spacecraft, an almost like-for-like replica 
of NASA's Space Shuttle that was cancelled in 1993. 
In 1986 the Soviet Union would undertake its most 
ambitious mission yet. As far back as 1976 it had 
begun research into a space station that would far 
exceed any of the Salyut stations in size. It would 
also be a so-called ‘third generation’ station. The ‘first 
generation’ was regarded as those that launched as 
a whole, so no in-orbit assembly was possible, and 
they had no means of resupply. ‘Second generation’ 
referred to single-stage stations that had an extra 
docking port for resupply spacecraft. This ‘third 
generation’, meanwhile, comprised a station that 
could be assembled and modified in orbit. This 
meant the core module - the living quarters - could 
be launched first, and then subsequent specialist 
modules could be launched and attached. 

On 19 February 1986 the first component of the 
station, which would be called Mir, was launched 
on a Proton-K rocket. This would be followed 
by six more modules leading up to the station's 
completion on 26 April 1996, including most notably 
a docking module that was brought to the station by 
NASA's Space Shuttle Atlantis STS-74 mission on 15 
November 1995. Mir enabled long-term habitation of 
space by a crew of three for the first time and, in the 


“Mir enabled long- 
term habitation of 
space by a three- 
man crew 
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Soyuz rockets are assembled in a processing hangar 
at the Baikonur Cosmodrome in Kazakhstan before 
being rolled out to the launch pad 


process, the record for the longest stay in space was 
set aboard Mir and remains intact to this day: 437 
days and 18 hours from January 1994 to March 1995, 
set by cosmonaut Valeri Polyakov. 

The launch and operation of Mir coincided with 
an eventful period in history: the dissolution of the 
USSR on 26 December 1991. With the separation of 
Russia from the Soviet Union, the Russian Federal 
Space Agency was formed on 25 February 1992 as a 
central agency to unify the various bureaus that had 
made up the previous Soviet space programme. 

More commonly known as Roscosmos, the agency 
Was now given significantly less funding than during 
the Cold War. With so many different projects and 
spacecraft still being researched and developed, 
Roscosmos was forced to streamline its operations 
in an attempt to balance its books. Therefore, in the 
Nineties, the agency would focus on commercial 
launches and manned exploration, with the latter 
taking up about half of its budget, a much larger 
proportion than at other global space agencies. 

To raise money, Roscosmos began launching 
numerous commercial satellites on its Progress 
rockets and also started making plans to sell 
seats on its manned Soyuz spacecraft through its 
space tourism programme. Meanwhile, in 1993 it 
entered into a partnership with NASA to build the 
International Space Station, a global endeavour that 
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"Roscosmos has a number of new 


projects in operation or development” 


would surpass Mir in almost every way. Mir, however, 


had provided national space agencies with a wealth 
of data that would prove invaluable in constructing 
and operating the ISS. With focus now shifting to 
the ISS, and with its first module (Russia's Zarya) 
launched on 20 November 1998, the decision was 
made to de-orbit Mir on 23 March 200], ending its 
stay of more than 15 years in space. 

By the turn of the century, Russia had cemented 
itself as the leading player in manned launches to 
Earth orbit. Its Soyuz vehicles, modified variants 
of the same spacecraft that had been in operation 
since that first disastrous flight in 1966, were now 
the world's safest and most reliable means of taking 
humans into space. Indeed, with the Space Shuttle 
now retired they are the only means of taking 
humans to space aside from China's Shenzhou 
spacecraft, until new spacecraft from NASA and 
private space agencies come into operation. Its 
unmanned Progress vehicle is also one of the 
primary methods of taking cargo to the ISS. 

Today its rockets launch from the Baikonur 
Cosmodrome in Kazakhstan, the same launch 
complex used by the Soviets in the Fifties. It is 


the world's first and largest launch facility, and is 
responsible for about half a dozen launches of the 
Soyuz and Progress spacecraft every year. In addition 
to these programmes, the funding for Roscosmos 
is steadily increasing and a number of new projects 
are in operation or development. This includes the 
Mars 500 simulation, a project in partnership with 
ESA and China that served to study the psychological 
effects of long-term isolation for a future Mars 
mission that was completed in 2011, a return to 
Venus with the Venera D probe by 2024, an upgraded 
six-person Soyuz spacecraft and a return to the Moon 
with its Luna-Glob programme beginning in 2016. 
Just as the Soviet space programme began, with 
a focus on manned exploration, so Roscosmos has 
come full circle with its modern accomplishments. 
Its plans for more ambitious missions in the coming 
years will once again allow Russia to perform 
the same sort of groundbreaking science of other 
agencies around the world. Roscosmos has overcome 
troubling times to cement its position at the forefront 
of manned space exploration and a new era of 
scientific exploration is dawning that will take the 
agency in a revolutionary direction. @ 
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Focus on Earthrise 
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45 years ago, on 24 December 1968, the crew of 


Apollo 8 became the first humans to orbit the Moon 


“Oh my God! Look at that picture over there! Here's 
the Earth coming up. Wow, is that pretty.” Those 
were the words of Commander Frank Borman when 
he, along with Command Module pilot James Lovell 
ETeM RUPP MYO me Olm PII WEe(emeele mu ae| 
die GOI Oa ON Ee Ren mh meena melee bs 
orbit. They were the first humans to witness the 
event, known as ‘Earthrise’, and in doing so captured 
the first such images of Earth from afar. 

SUB elas tI Rime Oem Cer) (ame) me Une eee) pe 
December 1968, with some later calling it one of the 


most influential photographs of all time. It shows the 
fragility of our world from the distance of the Moon, 
380,000 kilometres (235,000 miles) away. 
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programme, as it tested some of the key technologies 
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launched on 21 December 1968 the crew returned to 
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for Neil Armstrong and Buzz Aldrin’s historic first 
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All About Gliese 667 C 
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Gliese 667 is located about 22 light 
years from Earth, and appears to be a 
single star of about magnitude 5.89 if 
viewed with the naked eye. Any star 
above a 6 is considered to be too faint 
to view without a telescope, so this 

is a pretty faint star. In reality, Gliese 
667 is a triple-star system - a system 


in which three stars are gravitationally 


bound to each other - located in the 
Scorpius constellation. Each of the 


three stars in the system are much 
smaller than the Sun. 

The three stars are named Gliese 
667 A, B and C. Gliese 667 A and 
B are the brightest two stars in the 
system. Gliese 667 Ais a K-type main- 
sequence star, also called an orange 
dwarf or K dwarf. The K designation 
means that it is a relatively cool star, 
between 3,627 to 4,927 degrees Celsius 
(6,561 to 8,900 degrees Fahrenheit) on 


‘It's believed to have at least 
five, and as many as seven, 
planets orbiting it” 
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Where to find this fascinating triple-star 
System in relation to our Solar System 


- Taisen 


the surface. These stars have masses 
between 60 and 90 per cent that 

of the Sun’s mass, and stay on the 
main sequence for longer than the 
Sun does - 15 to 30 billion years, as 
opposed to the Sun’s ten billion years. 
Orange dwarfs are up to four times 
more common than Sun-like stars, and 
tend to have mostly neutral metals 
like silicon, iron and manganese in 
addition to helium and hydrogen. 
Gliese 667 A radiates about 12 per cent 
of the Sun’s luminosity, but has about 
79 per cent of its mass. Gliese 667 B is 
the secondary star in the system and 
also an orange dwarf, but it's slightly 
smaller than A and is a little further 


Great 
Dba ewan ice ole) mali ma) 
radius and fourth-largest by 
mass also has the coldest 


along in the main-star sequence. It has 
a Mass about 69 per cent that of the 
Sun and radiates about five per cent 
of the Sun's luminosity. Gliese 667 B is 
also brighter than A. These two stars 
orbit each other, with an eccentricity 
of about 0.6. This means that the 
distance between them varies from 
5 AU (astronomical units, or Earth to 
Sun distances) to 20 AU. It takes about 
42 years to complete one orbit. 
Because of the long period of time 
they spend on the main sequence, 
orange dwarfs present a good 
opportunity for astronomers to search 
for extraterrestrial planets. Therefore, 
it's Interesting that the third star in 
the system - Gliese 667 C - is the one 
in the system known to have planets 
in orbit around it. It's an M-class star, 
specifically a red dwarf. While on the 
main sequence, these stars are smaller 
and cooler than orange dwarfs. Their 
masses can be up to 50 per cent of 
the Sun and, temperature-wise, red 
dwarfs are less than 3,727 degrees 
Celsius (6,/41 degrees Fahrenheit) on 
the surface. Red dwarfs are the most 
common type of star in the galaxy. 


30 per cent of the Sun's mass and 

42 per cent of the Sun’s radius, and 

is relatively inactive. That makes it 
ideal for investigating orbiting planets. 
While Gliese 667 A and B are so close 
together that they're often grouped on 
maps as Gliese 667 AB, Gliese 667 C 
orbits the other two stars at a much 
further distance. There's a minimum 
of 230 AU between Gliese 667 AB and 
Gliese 667 C. We believe that it has 

at least five, and as many as seven, 
planets orbiting it. Three of the planets 
have been dubbed super-Earths and 
may be habitable. @ 
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Oort cloud 
This hypothesised icy cloud is 
estimated to contain billions 
of planetesimals. It occupies 
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2,000 and 100,000 AU. 
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Our G-type main-sequence 20 AU 


Star comprises about 99.86 
per cent of the total mass 
in the Solar System, about 
333,000 times the mass of 
the Earth. 
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Our planet is the only known 
habitable one, supporting 
millions of different species. But 
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being discovered all of the time. 
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All About Gliese 667 C 
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6. y billion years 


Gliese 667 C is estimated to be 6.4 
billion years old compared to the Sun's 
4.57 billion years 

| Gliese 667 


C has five 

confirmed 
planets in 
its orbit 
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system) to our Solar System. 


in the constellation of 
Aquarius and was found to 
have at least four planets in 
orbit around it. 
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fairly quickly relative to 

our Solar System. 
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Called the ‘dog star’ for its 
position in Canis Major, Sirius is 
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The planets 
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With up to seven planets orbiting it, could we one day 
discover life in this triple-star system ? 


As if having the stars Gliese 667 A, B 
and C wasn't confusing enough, the 
planets that have been discovered 
around Gliese 667 C also have 
alphabetical designations in lower case: 
b, c, d, e, f, g and h. Two of the planets, 
Gliese 667 Cg and Gliese 667 Ch, are 
currently unconfirmed. Three of the 
five confirmed planets - c, e and f - are 
considered super-Earths. A super-Earth 
is generally defined as a planet that 
is larger than Earth, but generally no 
larger than ten Earth masses, and also 
possesses a solid surface. Although 
the existence of extrasolar planets in 
general is rather exciting, finding ones 
that may be habitable - according to 
our Earth standards - captures even 
more interest. 

The habitable zone - also known 
as the ‘Goldilocks zone’ - of a Star is 


an area around the star where the 
temperature is ‘just right’. It's neither 
too hot nor too cold, but has the right 
conditions to support a planet with 

an Earth-like atmosphere and liquid 
water. If the planet is too close to the 
star, then any liquid water would boil 
away, but being too far would mean 
that most of the water would be in the 
form of ice. The current parameters for 
Gliese 667 C's habitable zone extends 
from an inside boundary between 
0.095 and 0.126 AU to an outside 
boundary of 0.241 and 0.25] AU. This 
range is roughly equivalent to the orbit 
of Mercury, so planets within it are 
much closer to the star than the Earth 
is to the Sun. However, since a red 
dwarf is a smaller, cooler and dimmer 
star than the Sun, planets in this small 
region can still be habitable. 


“Gliese 667 Cc is the most 
Earth-like of the planets” 
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Gliese 667 Cc 
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planets around Gliese 667 C, Cc is 

considered the most Earth-like. It's 
much bigger than the Earth - at least 
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to be similar in composition, in 
UN ee Meee een =e eee mem an 
es eRe eee 


Gliese 667 Cf 
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thought to be just under two Earth 
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habitable zone and should get about 

60% of the starlight that the Earth 
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thought to absorb more infrared light 
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The first planet discovered around 
Gliese 667 C was Gliese 667 Cb in 
2009. It is the most massive of the 
planets and is considered to be either 
a super-Earth or a mini-Neptune. 

The latter is also sometimes called 

a transitional planet or a gas dwart; 
these are believed to have thick 
atmospheres of hydrogen and helium, 
with small cores surrounded by layers 
of ice, liquid oceans or rock. Gliese 667 
Cb orbits too close to the star for the 
planet to be in the habitable zone. Next 
came Gliese 667 Cc, first mentioned in 
2011 and officially announced a year 
later. Its mass is between 4.5 and 9 
Earth masses, and it is believed to be 
a rocky planet located along the inner 
edge of the habitable zone at about 
0.1251 AU. Gliese 667 Cc is estimated 
to have an orbital period of about 28 
days, and it would get about 90 per 
cent of the radiation that the Earth 
gets from the Sun. However, most of it 
would be absorbed, making the planet 


Gliese 667 Ce 


Also smaller than Cc, Ce has an 
I) dpi] Cte eee neem eda tad 
2.5 and 3 Earth masses. Although 
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starlight that the Earth gets from the 
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have liquid water. 


warmer overall than the Earth, but still 
potentially habitable, at approximately 
30 degrees Celsius (86 degrees 
Fahrenheit). Gliese 667 Cc is the most 
Earth-like of the planets found around 
Gliese 667 C. 

Gliese 667 Cd was discovered in 
2012, and its existence was confirmed 
in 2013. It is slightly more massive 
than Gliese 667 Cc, but it's probably 
an icy planet because it's outside of 
the habitable zone while orbiting at 
about 0.2758 AU. Gliese 667 Cd may 
have a liquid water layer under its ice, 
however. Discovered in 2013, Gliese 
667 Ce is located in the habitable 
zone - orbiting at a distance of 0.21257 
AU - and is believed to be slightly less 
massive than Gliese 667 Cc. Gliese 667 
Cf was also discovered in 2013, but it's 
directly in the middle of the habitable 
Zone at around 0.15575 AU. Like Gliese 
667 Cf, it is also a little less massive 
than Gliese 667 Cc. 

There are also the unconfirmed 
planets, Known as Gliese 667 Cg and 
667 Ch. Both were predicted to exist 
prior to being announced in mid-2013. 
Gliese 667 Cg likely lies outside of the 
habitable zone and is an icy planet, 
with a mass somewhere between 4.41 
and 9 Earth masses. Gliese 667 Ch is 
probably much smaller, between 1 and 
2 Earth masses, and is projected to be 
located just outside the habitable zone 

probably too close to the star. There 
is little evidence of the existence of 
Gliese 667 Ch so far. It's unlikely that 
there are more planets in the habitable 
zone of Gliese 667 C, because there 
are no more stable orbits available in 
that region. @ 
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It's difficult to envision that the three 
potential super-Earths around Gliese 
667 C could have much in common 
with our Earth. It's important 
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‘blue’ zone. 
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\, The second of the : 
unconfirmed planets OrimemUiraliae | 
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Gliese 667 Cc is probably 
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Exoplanet hunter HARPS is one of many instruments 
searching out fascinating new planetary systems 


Weleda ee Pas er) 

been observed as a single faint 

star from Earth, with advances in 
telescope technology allowing us to 
differentiate between the three stars 
in the system. However, the planetary 
system around Gliese 667 C could 
not have been discovered without 
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HARPS instrument, or High Accuracy 
Radial velocity Planet Searcher. 


Future 
missions 
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alee) em et mee ote een meal en nema) | 
‘the hunt for planetary systems with habitable 
planets. Also operated by the European Space 
Observatory, the Very Large Telescope - actually ~ 
four telescopes - has also collected data about : 
Gliese 667 C and is considered the most productive 
telescope on the ground right now. The Magellan 
Telescopes at Las Campanas Observatory in 
OSE rial eel eee ek 
Keck Observatory in Hawaii has also contributed 
invaluable data to the study of Gliese 667 C. There 
are more tools on the horizon, too. The European 
Space Observatory plans to install the ESPRESSO 
(Echelle SPectrograph for Rocky Exoplanet and 
Stable Spectroscopic Observations) instrument . 

SPR A Olio) eele ele eee me ale 
receiving light by 2016. The ESPRESSO instrument 
is designed to be even more precise and accurate 

_ than HARPS and detect planets around even fainter 
stars than Gliese 667 C. There's also the Automated 
Planet Finder Telescope (APF) under construction 
at the Lick Observatory in California, intended 
specifically to search for rocky, habitable exoplanets 
a) e) 000 Mclean eee OO R Ime em ie) nn 
Earth. There are also planned space telescopes, 
NASA's Transiting Exoplanet Survey Satellite 

(TESS) with a launch date in 2017 and the NASA/ 
ESA collaborative James Webb Space Telescope 
(JWST) in 2018. TESS is meant to be a survey tool, 
with more precise missions investigating the most 
receyanlcihars4 habitable Pees candidates. 
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The TESS satellite will 
spend two years looking 
at millions of stars for 
signs of exoplanets 
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the star orbits around its own centre 
of mass. This interaction causes the 
star to wobble slightly, producing 
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HARPS, and they are analysed using a 
method known as Bayesian statistical 
analysis to make predictions about the 
potential planet's mass, orbital periods 
and size of orbit. 









HARPS was installed on the 
European Southern Observatory’s 
3.6-metre telescope in 2002, located 
at the La Silla Observatory in Chile. It 
SME Meno lem Cen e ecl ae loos 
controlled vessel to avoid any 
a JeGUier isan es lt ems me eee ele) nhs 
in temperature or air pressure. Two 
identical optic fibres feed into HARPS. 
It is one of the most accurate and 
precise instruments of its kind. It 
has been used to discover more than 
130 planets and since 2012 it has 
been used to detect habitable super- 
dt ae a eh ee ee) Ori ela 
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huge number of exoplanets it has 
discovered to date. 

When HARPS discovered Gliese 
SFG emi wO Oe mane Clit 
enough data had been collected about 
the system to indicate the existence 
of what scientists called a ‘four-planet 
solution’ - b, c, d (unconfirmed at 
the time), and an unknown ‘trend’, 
with a projected long orbital period 
that couldn't yet be determined. This 
SIC UPR elt) eM ile)M beeen jel ce mite) ( 
eT Aue eR ee au te Cer meh oe 
planet solution in 2012 with b and c 
confirmed and three unconfirmed 
planets: d, e and f. The team believed 
previously that the star might be host 
to one potentially habitable planet. 
Combining the latest observations 
with data from other sources led the 
HARPS team to propose a potential 
seven-planet solution in mid-2013. 
This includes five strong signals 
for the planets b, c, f, e and d and 
SiR eel Com) eee emt leee eli ieen sel 
planets h and g. They also came 
to the conclusion that three of the 
planets lie in Gliese 667 C's habitable 
zone - an unprecedented find. 

HARPS does have its limitations, 
however; it can only detect planets 
orbiting low-mass stars like Gliese 
667 C. These stars are more strongly 
affected by the planets around them, 
and because their habitable zones 
Cem eRe eek eRe ee lem El cela 
Ee hee 


“HARPS has 


ola em Erare 
to discover 
more than 
130 planets 
since its 
installation” 
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All About Gliese 667 C 






Inside 
HARPS 


Secondary mirror 
The secondary mirror in 
the telescope was replaced 
in 2004 and uses an f& 
Cassegrain focus - the 
secondary mirror is 
convex. The 3.6m (140in) 
designation refers to the 
size of the telescope's 
aperture or. opening. 


=— 


the cibe to Missi 
This cube houses the . Sion 
computer used to fil | 
control the telescape's Pro e 
secondary mirror. HARPS 
Name: HARPS 
Mission dates: 2003 to present 
Location: La Silla Observatory 
in Chile 


HARPS is a second-generation 
fibre-fed high-resolution echelle 
spectrograph, installed on the 
3.6-metre telescope at La Silla 
Observatory. First used to survey 
stars, HARPS is now focused on 
the discovery of habitable super- 
Earths. It discovered over 50 
exoplanets in 201] alone. 





Primary mirror 
This reflecting 
telescope uses two 
mirrors to gather light 
from the visible and 
near-infrared part of 
the electromagnetic... J 
spectrum to form 

Sn iMage==y——— «1. Spectrograph 

oe | In this image you can see 

the echelle grating of the 

spectrograph, which diffracts the 

light received by the telescope to 
create an image of overlapping 
wavelengths. 

2. Collimator 

The collimator is a huge parabolic 

mirror (a mirror in the shape of 

a two-dimensional, symmetrical 

curve) that is used to narrow the 

beam of light. 

3. Vacuum tube 

The spectrograph for the HARPS 

instrument is enclosed in a 

vacuum vessel to maintain 

temperature and air pressure. 

The fibres carrying light from the 

telescope proper are fed through a 

hole in the side of the vessel. 
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They release 10 
million times 
nae Cama N eA 
than a volcano 


A volcanic eruption pales in comparison to a 


SOE SIE Sel ome elie eel eel 


thought to be caused by magnetic fields, can 
eject billions of tons of charged particles. 


PME Co 
=a reach 


* 


arth in less 
than two days 


Solar flares are sometimes accompanied 
a) Mee) cere) Wien eee e mb k melt 
Ngee UO Mem CA em Cosel merle 
travel at speeds of up to 1,000 kilometres 
(620 miles) per second. 


A solar eruption 
once knocked 
out a power 

Btn 

ebec 
In March 1989 a huge CME, 
SNORE me Ie (ee) cee 


caused a geomagnetic 
storm in Earth's 


atmosphere that 





| | | WW Sine eee Ort 
7 = flare erupting on the Sun on 
| | 22 Jamuary 2012 


During peak 
times there are 
over 20 solar 
flares a day 


When the Sun is at solar maximum, the 
eee RBC e iG iee eRe eet e ha 
ELM Ma da eis t eel ames e mnie ame a 08 
SO ESE toe aoe 


They are almost 
as hot as the 
core of the Sun 


A solar flare can have a temperature of 
several million Kelvin. For comparison 
the hottest natural temperature 

ever recorded on Earth was 

just 330 Kelvin in Death 

Valley, California! 
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Interview A! Worden 





Worden’s first and only mission to 
space was Apollo 15 in 1971 





Al Worden 

Age: 81 

No. of missions: 1 

Time in space: 12 days 
Alfred Merrill Worden 
was the Command 
Module pilot for NASA's 
Apollo 15 lunar mission, 
which launched on 26 
July 1971. He remained 
in lunar orbit while his 
fellow crew Dave Scott 
and Jim Irwin explored 
the surface for three days, 
the longest stay on the 
Moon at the time. From 
his position in lunar orbit 
Worden photographed 
and studied the Moon, 
and during his orbit he 
is said to have travelled 
farther out than anyone 
else, earning him the 
accolade of Earth's ‘most 
isolated human being’ 


60 





Often referred to as Earth's most isolated human 





being, Apollo 15's Command Module pilot Al 
Worden tells the story of his lonely space flight 


Interviewed by Jonathan O'Callaghan 


How did it feel to get selected as an astronaut by 
NASA in 1966? 

It was probably one of the best days of my life when I got 
the phone call. You're venturing off into something that 
very few people have ever done. You've competed with 
700 or 800 other [applicants] and you're kind of on top 
of the pile. It would be like, if you're a soccer fan, getting a 
call from the best team in the country telling you you're 
going to be one of their players and they'te going to take 
care of you. It’s kind of like that, itd be a great day but 
that's when the work starts. 


Were you friendly with the other Apollo 
astronauts? 

Oh yeah. There was a lot of friendly competition I would 
say [because] you're trying to get on a flight and you 
want to beat everybody else, but at the same time youre 
always training together. Of course, now that we are all 
retired we have become much more friendly than we 
were back then. 


What was the training process like? 

There was lots of it: the training kind of covered 
everything. Not only the engineering and the technical 
and the flying part, but other parts too like studying 
geology because we had to know what we were doing 
once we got up to the Moon. We had a lot of very 
interesting trips like to the desert, the jungle and Iceland 
to look at geology but also to look at different climates 
because there was a survival aspect. If we didn't come 


back in the atmosphere at the right place, if we lost 
control and ended up in a jungle in South America for 
example, we had to learn how to survive long enough for 
them to come pick us up. 


Were you happy to stay in lunar orbit as the 
Command Module (CM) pilot, or did you want to 
walk on the Moon? 

Well, back in those days the way to become a 
commander on a flight [who walked on the Moon] was 
to be the CM pilot [first]. Like Dave Scott, he was a CM 
pilot on Apollo 9 before he became the commander on 
our flight, and that was basically the rotation. 


So were you disappointed when your chance to go 
to the surface on Apollo 18 was cancelled? 

Oh yeah. There goes the chance to go again. | thought 

it was kind of dumb at the time, but I understood that 
NASA had to take that money and put it into the Space 
Shuttle programme, which wouldn't fly for another ten 
years, but you've got to build those programmes a long 
time before they fly. 


Why are you regarded as the most isolated human 
being of all time? 

I was further away from the guys [on the surface of the 
Moon] than anybody but we're talking a matter of miles. 
All the CM pilots had the same deal, they were isolated 

to acertain extent. | was the first one to go for three full 
days by myself in lunar orbit and | was a little higher on 


‘I think eventually the day will come 
when were going to have a spacecraft 
that will go way, way beyond even the 


Solar System" 
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Humanity’s first deep space EVA 
was performed by Worden on their 
return from the Moon 


Worden photographed and mapped 25 
per cent of the Moon while in lunar orbit 


Be 


Interview 


the back side of the Moon than the others, so I guess they 
say I'm the most isolated. It's in the Guinness Book of 
World Records, anyway. 


Were there any moments by yourself when you 
were worried something might go wrong? 

No, you don’t think about those sorts of things on a flight 
like that. There's always something that could happen, 
it's like flying an aeroplane, but you don't focus on that, 
you don't let yourself brood about that stuff. 


What were your highlights from the mission? 

[d say seeing the Moon for the first time, and seeing 
Earth for the first time from the Moon. Those were pretty 
spectacular sights. 


Since the Apollo missions, do you think space 
exploration has progressed forwards? 

Well, it’s hard to tell. I think right now they're focusing 
on getting commercial spacecraft to fly people to the 
space station, but in the background there is a long-range 
programme with [the Space Launch System rocket] and 
[the Orion spacecraft] that will eventually allow us to go 
beyond Earth orbit, like going to Mars. But right now is 
not an active part of launching because we're between 
programmes | guess, and so it’s going to be a few years 
before they get the long-range exploration going with 
the new spacecraft and I would expect it's going to 

be another 10 or 15 years before we get back into the 
exploration business. 


Are we moving in the right direction? 

I think eventually were going to have to do something 
a little different than just that gumdrop-shaped capsule 
because there are some problems with re-entry and that 
sort of thing, you have to be very careful. But the day 
will come when were going to have spacecraft that'll go 
way, Way beyond even the Solar System, so that'll take 

a different shape. But in the meantime we've got Orion, 
which is basically an enlarged Apollo spacecraft, and it 
can do the next step. 


And, finally, tell us about the new flight suits 
you're releasing. 

Were producing very authentic Apollo jackets, a 
testament to the programme but also a very high- 
quality jacket. It's the same weave that was in 

the [onginal] Apollo jacket, and the cuffs and the 
zippers and the stamps are all authentic from the 
same manufacturer that applied those things to the 
flight jackets 40 years ago. It harks back to an era in 
spaceflight that was really wonderful @ 


Falling To Earth 

Hardback 

Available from: www.amazon. 
co.uk 

Price: £21.99/$29.95 

| Worden’'s autobiography Falling 
To Earth tells the story of his 
time at NASA, and is available 
now. He is also releasing a 
limited number of authentic 
Apollo astronaut jackets 
(pictured), which will be available from 
www.alexanderleathers.com. 
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For billions of years*our ei has been a target for 
massive space rocks, so where are the really huge craters? 
All About Space speaks to two prominent crater experts 
on the biggest impacts to shake planet Earth 


Written by Ben Biggs 
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Geologically speaking, Earth is one of the 

more dynamic planets in the Solar System. A 
comparatively thin and cool crust floats in great 
continental plates on several thousand kilometres of 
molten and semi-molten rock, grinding, overlapping 
and subducting under each other over millions 

of years. On top of that, we have a relatively thick 
atmosphere and complex weather processes that 

can erode tall mountains down to a small nub, 

given enough time; over 70 per cent of our planet is 
covered in water, the remaining 30 per cent is mostly 
covered in vegetation or buried beneath snow, sand 
or soil and it's inhabited by millions of life forms, 
including billions of humans who cover large swathes 
of land in concrete and steel structures. So it's no 
wonder that, next to an inert and blasted satellite 

like the Moon or a planet as pebble-dashed as Mars, 
Earth seems to have got through the trigger-happy 
Late Heavy Bombardment period of the early Solar 
System relatively unscathed. 

“The record of impact cratering on Earth is 
terribly incomplete,” Dr David Kring of the Lunar 
and Planetary Institute, Texas, tells us. “Most impact 
craters have been destroyed by other geologic 
processes. The Moon is a better proxy for the impact 
rate in our part of the Solar System. Studies of the 
Moon suggest over 3 to 4 million impact craters 
larger than one kilometre [0.6 miles] in diameter have 
been produced in Earth history. Some of the oldest 
impact craters produced during the first half-billion 
years of Earth history could have had diameters in 
excess of 1,000 kilometres [620 miles] and thus, 
nearly continental in scale. The largest impact basin 
on the Moon is 2,500 kilometres [1,550 miles] in 
diameter, the Earth likely had at least one crater that 
size, if not larger.” 

Scientists today know that the 180 confirmed 
impact craters on our planet are just a fraction 
of the total that have been lost to the ravages of 
several billion years of planetary evolution. Some of 
the Earth's biggest known craters that include the 
Vredefort crater in South Africa, Sudbury in Canada 
and, of course, the famous Chicxulub crater in 
Mexico's Yucatan Peninsula, don't even rate among 
the top 20 in the Solar System. And even the oldest 
only dates back to around the halfway point in 
Earth's history, 2 billion years ago. 

“An important question to ask," says Dr Gareth 
Collins, a specialist in impact cratering and senior 
lecturer at Imperial College, London, “is: ‘why does 
the Moon have so many more craters than Earth?’ 
The honest answer is that we don't know but I'm 
firmly of the belief that the Earth did experience 
impacts of that size very early in its history, we just 
don't have any evidence of that on Earth remaining. 
The thing to keep in mind is that all of these craters, 
every single one on the Moon that's bigger than 
Chicxulub, formed in the first billion years and 
probably the first few hundred million years of the 
Moon's lifetime. We don't have any rocks on Earth 
that are that old, so we don't have any evidence on 
Earth of that time in its history.” 

The power of an impactor relative to its size often 
surprises people. In February 2013, the Chelyabinsk 
meteor exploded high in the atmosphere over 
Russia with the energy of over half a megaton of 
TNT (over 30 times the energy released by the 
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Hiroshima bomb), creating an intensely bright 


flash and momentary searing heat, followed by a Where ile Earth 
shockwave that blew the glass out of windows and impactors meee = from? 


damaged buildings in several cities in the region. 
This explosion was created by an object witha 


diameter of no more than 20 metres (66 feet) but it's ® Land impact 

the mass and the velocity of the Chelyabinsk meteor A high-velocity, massive 
that's critical here: before breaking up it was around eMac Arlene cleat 
10,000 tons and was blazing through the Earth's the ground.and throws out a 
atmosphere at about 18.6 kilometres (11.6 miles) per shockwave tit can produce 
second when it exploded. That's a fairly average ' powerful earthquakes, Within 


seconds,*ocks in the area melt 
| STO) 8l8)g eieee ere ae) cl | 
Bea Tee 
Just because an extraterrestrial y, ; MUR eels 
object lands in the sea, doesn't ai, 
eee Bleep 
Even small objects travelling 


velocity, as far as meteors go. 

"Impact velocity is very important,” explains Dr 
Collins. “Everything that hits the upper atmosphere 
is travelling at least 11 kilometres [6.8 miles] per 
second, which is the escape velocity of Earth and 
the fastest asteroid is travelling about 30 kilometres 


[18.6 miles] per second... we're hit by everything at meteoric speeds can deliver 
from objects the size of a grain of sand up to the enormous amounts of energy 
size of a city - or we have been over the past few | on impact, and larger bodies 
hundred million years. That's a huge variation in erga 


impact and mass and while small things have no Une ella n Mga alee em ce 
detectable effect, the very largest things can be aul esis 
absolutely catastrophic. 

“There's a size range of maybe about ten metres 
[33 feet] to 100 metres (325 feet] where the impactor 
essentially explodes in the atmosphere. It's classed 
like Chelyabinsk and also the Tunguska event over 
100 years ago in Siberia. Moving up in size, you 
Start to form craters on the surface. In that case the 
impactor makes it through the atmosphere. It might 
be disrupted in some way but it essentially makes 
it to the surface without losing its speed or energy, 
the explosion then forms a big crater 10 to 20 times 
bigger than the impactor itself. Debris is thrown out 
of the crater onto the surrounding plane and is lofted 


up into the atmosphere." o* | ; 
The impactors that created Earth's biggest craters " Se 
were certainly a lot smaller than the gaping holes TH & 
they left in the surface but they were stil terrifyingly e. “ar 
=, 


massive. Like the basins they've left behind, the 
size of the objects that hit prehistoric Sudbury or 
Chicxulub is in dispute but they could easily have 
been around ten kilometres (6.6 miles) wide with a 
mass in excess of a trillion tons. 

“We've been hit by things in the past at a range 
of different sizes,” continues Dr Collins. “Chicxulub 
is one of the biggest things that ever happened | 
on Earth and that was probably up to ten miles , : : 
(16 kilometres] across. We have a lot more craters - rile 
on Earth that were formed by objects a mile [1.6 


kilometres] across and even more that were formed : | | 

by something a few hundred metres or so. Impact crater types 
“At this threshold, the material that's been 

thrown out of the crater is able to disperse all the 


“We've been hit 
by things in the 
past at a range 
of different sizes. 
Chicxulub is one cei aie es i ink na Ty Kc a ae ap ena 


| f th ? bi t y 1:7 and are distinctly bowl-shaped, like the Barringer crater in Arizona. Craters become complex when they 
O eC IBECS . reach a certain diameter and the greater the gravity of the planet, the smaller this threshold is. 
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The asteroid belt 

The majority of impactors that hit 
the Earth.come directly from the 
asteroid belt, the band of material 
ean R ee pene le) ic mart 
has been perturbed by the gas 
giant's massive gravity. Some, 
Ney ees em ee gen 
Moon or from Mars. 
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| Planetary origin 
Rarer examples of Earth , 
impactors were originally fea at 
CUM RU m CE mem ir etre 
crusts. Ahistoricimpact from, 
another asteroid or comet was 
Wee eae] R ance) tale Es 
» «  fackintospace onatrajectory ~ 
 thateventually saw it cross 
paths with the Earth. - 





How do we 
know they came 
from space? 


Earth rocks are much younger than impactors 
because a combination of plate tectonics and 
erosion has ground and reformed them multiple 
times. Comets and asteroids, whether they have 
their origin on the Moon, Mars or in space, are 
about the same age as the Solar System, around 
45 billion years old. 


Atmospheric entry 
By the time the impactor enters the Earth's 
atmosphere, it’s travelling at an astounding 
speed - approximately 12km/sec (7.45mi/ 
sec). At this speed, the compressed 
atmosphere in front of it causes it to 

glow a white hot 1,650°C (3,000°F). Size, 
composition and angle will determine how 
much of it survives to hit the Earth. 


Complex 


Craters between two to four kilometres (1.2 to 2.5 miles) wide and upwards form complex structures in Earth 
gravity. Here, a central peak is formed as the crater floor rebounds after the shock of the impact. Many large 
impact structures on Earth have been eroded by the elements, deformed by plate tectonics or buried. 
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Earth's biggest impact craters 


Target: Earth 

What happens when an object 
from space impacts the Earth? 
There are an enormous range of factors that 
dictate exactly what happens when an object - be 
it an icy comet or dense asteroid - enters Earth 
atmosphere. Comets typically travel at three times 
the velocity of meteors, but a metallic meteor can 
be eight times as dense. The size and its angle 
can affect whether it explodes as an airburst, 
fragments or impacts the Earth largely intact. The 
depth of water or the density of rock it impacts 
will help determine the crater it leaves. 


Impactor type: Metallic 

Size: Ikm (0.6mi) diameter 

Target: Sea (500m/1,600ft deep) 

Result: Strikes intact 

The impactor strikes the sea without breaking up. 
It sends a huge tsunami thousands of kilometres 
across the ocean and impacts the sea bed creating 
a crater 19.2 kilometres (11.9 miles) in diameter. 


Impactor type: Porous rock 

Size: 100m (328ft) diameter 

Target: N/A 

Result: Airburst 

The meteorite never makes landfall: it begins to 
break up high in the atmosphere before exploding 
at around 2.5 kilometres (1.5 miles) altitude in an 
airburst equivalent to about 26 megatons of TNT. 


Impactor type: Icy comet 

Size: 500m (1,600ft) diameter 

Target: Land (sedimentary rock) 

Result: Fragments 

The comet breaks up in the atmosphere and 
hits the ground fragmented. Its impact equals a 
16.5 gigaton TNT explosion, vaporising rock and 
creating a crater 8.5 kilometres (5.3 miles) wide. 





Siljan Ring @ 

Diameter: 52km (32mi) 
impactor size: 1-2km (0.6-1.2mi) 
Age: 377 million years 
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: Diameter: 100km (62mi) 
= impactor size: 5km (3.1mi) 
, Age: 215 million years 
OU M COR eee se B eed) 
island in the world, Manicouagan 
is one of a chain of five craters 
thought to have formed from the 





Beaverhead @ 
Diameter: 60km (37mi) 
Tiel te etree eee 
veel OOM eae 


; AM Nts) Coie) me] meee) el mee) 
a up into several large pieces before 
impacting the Earth. 
®@ Chesapeake Bay 
Diameter: 85km (53mi) 


Impactor size: 3-5km (1.9-3.1mi) 

Age: 35 million years 

Gi itetr |e Cast eee meee le Recaes igh ce| ulin s 
and wasn't discovered until an oil drilling core 
turned up tektites and shocked quartz - the telltale 
signs of a meteorite impact. The bolide that formed 


Sudbury @ a Reel Ae ee 
Pell tee ek Ree Cem UU eae Ue 
250km (155mi) ~ 
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(6.2-9.3mi) 


Age: 1.85 billion years 
The Sudbury basin is 
Sse eee cele em dary 
Vredefort and is similarly 
loaded with valuable 
metals found around its 
outer rim, including nickel, 
ae) 8) 8) mei8) (OR: me) eles 
It is also the site of a huge 
magnetic anomaly. 


Chicxulub @ 
TET tits etal O) a 
Tul ere ce mere 8) sa 
Vet -re seb Le MUU at iy 
This is the famous impact feature whose 
Tecate ee ela een = 
caused the mass extinction of the dinosaurs. 
Today, half the Chicxulub crater is beneath 
the Gulf of Mexico and was only discovered 
oS lae- eee) eee eam yin ee 
seeking viable locations for drilling oil. 


le 


way around the globe, rather than being contained 
within a few crater radii of the impact. It's able then 
to encircle and rain back down over the globe. That's 
really important because if that threshold didn't 

exist, even Chicxulub would only have affected the 
northern United States. A continental scale of damage 
would have been the maximum it could have 
achieved. But once it's able to throw material into 
space and around the globe, then you really start to 
have a global effect on the climate. This is when you 
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start to have real unknowns because it's a complex 
problem. Lots of people have looked at different 
parts with no real consensus of exactly what it was, 
particularly Chicxulub, that did the most damage." 
These potential planet-killers span a range of ages, 
from the 2 billion years-plus Yarrabubba crater in 
Western Australia, to the relatively recent Popigai 


in Russia, a big baby at just 35 million years old. 
They'te frequently linked with the ‘big five’ mass 
extinction events that we have evidence of on 





Earth, but the only confirmed link between a global 
mass extinction of this kind and an extraterrestrial 
impact, is the Chicxulub event and the Cretaceous- 
Tertiary boundary extinction that sealed the fate 

of the dinosaurs. It was Dr Kring'’s team that made 
this connection, which took him and his team far 
from the point of impact: “Once an impact crater 

has been eroded or subducted, the only surviving 
trace may be debris that it ejected over a larger area... 
the Chicxulub impact event produced debris that 
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Status 

® Confirmed with shock 
or chemical evidence 

© Highly probable 
based on geological 
evidence 


® Probable 


Diameter: 65km (40mi) 
Impactor size: Up to 3km (1.8mi) 
ay ees eRe ee 
While an extraterrestrial object formed 
Lake Taihu, the nature of its formation is 
TEMAS OE aaT ee ee 
multimillion-year-old impact structure, but 
the extremely shallow bottom and mineral 
ae )aulee its ini ee (eee t e-em em an lal 
Ano K a > “ it might have been made by an airburst 
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Diameter: Up to 90km (56mi) 
Impactor size: 4km (2.5mi) 
Age: 580-590 million years 
oF Py The comet or meteor that 
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ce z spe 1 (3.7-7. Ey) ae = lil canal largest known impact crater 
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“4 = — eo , 7 submerged in a shallow sea. 
It is believed that the impact 
directly affected the evolution 
of all marine microorganisms 
above the level at which 
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i | | blanketed the entire Earth. While the Chicxulub that was about 50 times thicker than debris found 
The only impact structure is now hidden beneath about one anywhere else in the world. That told us that the 
a kilometre (0.6 miles) of rock, over one hundred impact occurred somewhere in the Gulf of Mexico 
SUTVIVIT) trace outcrops of its impact ejecta can be found on the or proto-Caribbean region. We then began searching 
b b surface of the Earth. for a circular structure in that region. We located a 
Nay eS e T1S “Our teams strategy was to locate debris ejected description of a buried volcanic complex in Mexico 
chat it e e cte d from the hypothesized impact site and then trace and thought it looked suspicious. We obtained two 
} that debris to the crater. The closer one is to the fragments of rock from a previous drilling project and 
OVeCT dq | arger are 2" crater, the thicker the debris. There were two eureka I found it contained shocked quartz and impact melt 
moments. First, we found a deposit of debris in Haiti particles, two substances that proved the structure 
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Was an immense impact crater rather than a buried 
volcanic complex.” 

It's not these huge impact events that scientists 
are really concerned about, however. The kind of 
devastating asteroids targeting Earth that made our 
biggest known craters strike less than once every 
million years. Besides that, with today's technology 
we're easily able to detect and track these monsters 
well in advance: even if we're not totally ready to 
defend against a massive asteroid on a potential 
Earth-impact trajectory, we will have years, even 
decades, of forewarning to prepare for one. It's the 
smaller impactors, the kind that produce the likes 
of the relatively small, 1.2-kilometre (0.75-mile) 
Barringer crater in Arizona, which are cause for some 
consternation. Barringer was created by a 50-metre 
(150-foot) diameter lump of nickel-iron weighing in 
at about 300,000 tons that exploded with the force 
of 2.5 megatons of TNT. These objects are small 
enough to slip under the radar until it’s too late to do 
anything about them, yet they would be devastating 
if they hit a populated area and happen frequently 
enough in Earth's history - typically once every 
5,000 years or so. 

While most of our biggest craters have succumbed 
to the Earth's elements, Dr Collins believes there 
are still some major impacts left to be discovered. 
Oddly enough though, even if we're standing on top 
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“One of the biggest pulses may have been 
about 4 billion years ago. That resurfaced 
most planets, including Earth" 


of a really huge crater, recognising it for what it is 
will pose a problem. The biggest known impacts in 
the Solar System, such as the ones that created the 
Moon's South Pole-Aitken Basin and Hellas Planitia 
on Mars, get so hot that they melt a key diagnostic 
feature scientists look for - its shock metamorphism: 
“The problem on any planet is that when an impact 
gets big enough, the entire floor of the crater gets 
covered in a thick layer of rock that was melted by 
the impact. If this happens the huge melt sheet will 
remove any evidence of shock, just melt it all away. 
So the biggest crater on Earth might end up looking 
like a very large melt province and the key diagnostic 
features of an impact might be missed. It's an 
uncomfortable situation to be in because, how do we 
prove that this was an impact crater and not a large 
volume of rock that was melted by Earth's interior?” 
Clearly, by studying impact craters on Earth where 
they're easily accessed, we can learn more about 
the geological history of other bodies. Earth is just 
another planet in the Solar System, after all, and 


subject to the same physical laws. “What we can start 
to do,” says Dr Collins, “is to go to other planets and 
look at the craters, where we can start to understand 
what the internal structure of that planet might be... 
we think that through studying craters on Earth, 
[we can see] there's a very weak layer underneath 
the surface of Europa that's affecting the creation of 
those craters. The big craters are really shallow, so we 
can start to infer something about the depth of that 
weak layer, whether it is water or very weak ice.” 
“The most important geologic process affecting 
planetary surfaces throughout the Solar System is 
impact cratering,” concludes Dr Kring. “We've learned 
that impact events can occur in pulses and one of the 
biggest pulses may have been about 4 billion years 
ago. That event resurfaced most planets, including 
Earth and may have had an effect on the early 
evolution of life on our planet. While we have few 
surviving relicts of those events on Earth, studies of 
Earth's craters provide the baseline data needed to 
interpret the geologic history of other planets.” @ 
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Maniitsog, on the west coast of Greenland, 
where a huge, ancient and suspiciously crater- 
like geological structure has been discovered 
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1 Vredefort 

2 Sudbury 

3 Chicxulub 

4 Popigai 

5 Manicouagan 
6 Karakul 

7 Acraman 

8 Morokweng 
9 Siljan 









Even bigger 
Earth impacts? 


There are a few suspected impact craters 
around the world that, pending further 
evidence and general confirmation by the 
scientific community, could dwarf even 
Chicxulub and Vredefort. The Wilkes Land 
crater, a structure underneath the ice cap of 
Wilkes Land, East Antarctica, is proposed to 
be nearly 500 kilometres (311 miles) wide, 
although there's no conclusive evidence 
that it exists. Shiva is a hypothetical Indian 
crater, also 500 kilometres wide, found 
underneath the continental shelf, while an 
unnamed 600-kilometre (373-mile) diameter 
crater could exist in the Australian outback. 
A large crater-like structure was also 
discovered in Greenland last year, which 
had no compelling shock evidence but had 
other features consistent with a massive 
impact. If the origin of the 100-kilometre 
(62-mile) Maniitsog crater is confirmed as 
extraterrestrial, then it will be our oldest 
impact crater at around 3 billion years. 
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Focus on Inside the Archer 


SUNS Ree eh lee eke mdse Bernie 
1.54-metre (5.05-foot) telescope located at 
OPP IEEO ala eee ells 





This stunning nebula sheds 
new light on the famous 
Sagittarius constellation 


Found 5,000 light years from Earth in the 
eT a reer see ee (de We eek Oia ele Bh 
a cloud of dust and gas that plays host to stellar 
formation. Most of the clouds of NGC 6559 are made 
of hydrogen, the raw material of star formation, and 
therefore they can collapse under gravity and give 
birth to new stars. In turn, these new stars energise 
the hydrogen gas, producing the red cloud in the 
NGO) MO tM Nelo ene) (Meme wee tnt eam Neel 
Within the region are also solid particles of dust 
consisting of heavier elements including carbon 
and silicon. The blue section of the image, just a 
few light years across, shows light from young stars 
being scattered by these particles of dust, with the 
blue effect resulting from shorter wavelengths of 
PeApim elo tn acd eee er De aerials ee) me nmi ep Tes 
are regions where the density of the dust blocks the 
light behind it.@ 
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Sophie Allan 
- — National Space Academy 

Education Officer 

B Sophie studied 

astropnysics at 

university. She has 

a special interest in 

astrobiology and 

planetary science 


National Space Centre 
B foeholdsa 

| Master's degree in 
Interdisciplinary scence 
and loves the topic 
of space as it brings 
together many different 
scentific disciplines. 


Education Team 
Presenter 
B Having achieved 
7 , © aMaster'sinpnysics 
-* , ms andastrophysics, Josh 
9 i SM continues to pursue his 
i i interest in space at the 
National Space Centre 


Gemma Lavender Rey 
Staff writer ' 


eciedasafelow 0 Nh sl would Hubble see 
istant gal 









Po 


the Royal Astronomical 
Society and recently 
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Jack Walker Some of Hubble's most important from these images includes the age 
oT A lot of other galaxies! The Hubble images are called the Deep Field of the universe, the rate at which it 
, - - Space Telescope is often pointed series. These images were taken by Mop ge TNeU are dn OM AU) Ome T nie OPI Cs 
* ; out into deep space, by doing the telescope looking deeper into Coma m One me) ee eee 
this scientists were able to use Jere ROM ee mene le) al universe. As well as answering the big 
en See Aaete Vo | meee about the most before. By doing this it was hoped questions, Hubble has ve us to 
allowédus to look deeper into a ; distant objects to calculate the we could unlock more of the secrets understand the formation of stars and 
space than ever before Ele Mb LM UNM obo SRA RU Nees emec ae galaxies among other things. JB 
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Venus - as shown in this 
computer-simulated view using 
data from the spacecraft 
Magellan - has an unbearably 
hot average temperature of 
462°C (64°F) 


@’. SOLAR SYSTEM 


hich planet Mm telescope be 
OUT Solar system used for solar 
is most hostile? Pownnieg 


With the correct filters and safety 
Glen Smith (864 degrees Fahrenheit), hotter checks almost any telescope can be 
Thanks to its thick atmosphere, which than Mercury, even though Mercury used to look at the Sun, however, the 
consists primarily of carbon dioxide, is closer to the Sun. The temperature proper precautions must be taken 
Venus has some of the worst weather is not the only thing you have to worry if you intend to embark on a solar- 
in the Solar System and would be an about, though, as the atmosphere also observing session. 
extremely unpleasant place to find provides a crushing pressure on Venus’s It should go without saying that the 
yourself. A runaway greenhouse effect surface which is about 90 times what we : Sun is bright and that looking directly 
makes it the hottest planet in our experience on Earth. Clouds, made up of at our star Can cause permanent 
Solar System, with an average surface sulphuric acid, line the skies and are responsible eye damage or even blindness. This 
temperature of 462 degrees Celsius for frequent, intense lightning storms. ZB | danger becomes even more apparent 
a ne when you are focusing the light from 
the Sun using lenses. 
If you do not want to splash out 
on a dedicated solar telescope or 
expensive filters for your telescope 
then you can project the image from 
your telescope on to white paper. 
Alternatively, you can purchase special 
hydrogen alpha solar filters which 
filter out most of the wavelengths 
of light, allowing you to concentrate 
on those wavelengths associated 
with hydrogen and, therefore, most 
interesting to solar observers. SA 


rh * 





eco 
JET eS od. 4 1S) 4 


Paul Davies 

PCS n habeas ee eM tod re 
radiation at a Wavelength that our eyes define as green. However, you'll 
never see a green star and here's why. 

Stars emit radiation over a broad range of wavelengths and the human 
eye is most sensitive to yellow and green radiation. When a Star is green, 
you'll find that it is throwing out light that's right in the middle of the visible 
spectrum. This means that it 1s radiating strongly at all visible wavelengths 
and most of this radiation can be found right in the middle. So, when we If you do not want to pay out for a 
look at one of these particular stars, all colours are mixed and youre left dedicated solar telescope (pictured here), 
with the colour white. This means that you'll never ever see a green-looking Green stars do not exist you can use any telescope to project the 


star through a telescope. GL eS sun's image on to white paper 
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‘Cloud of molecular —<—e | ~ m ) 
-e “Fiow long does it take 





fot a’star to form? 


yh rd < 

- i Making a star like the Sun takes tens of 

, . millions of years and happens in several 
i stages. First there is the gravitational 
: : = collapse of a giant cloud of molecular 
Py hydrogen. This collapsing cloud breaks into 
smaller and smaller fragments, each one 
home to an embryonic star. Gas accretes 
PCO MON Meee, eel merle si Temem Cems re) |" 

, r and the gas forms a disc around the star, 
| Tce eM ed eter em Cem) o) TN MAL a) Ce) C8 FoI 
or Temajcel item ol anenr- 01 <M em eee sleek) | 

a gravitational collapse. Eventually so much 
gas piles into the star that the temperature 
FIA Oia UP MAN eee ee ete ee) nn a 

: eed Cara emer Ohl aU 0) tlm ele) ates tale 
ter liemst eA Marlee nee ce) Bll 

‘ star is bom and it begins to blow away the 
UTE TIOTI ecw t elem ler Man meePecOlEnp etm ie 
so any planets that are forming in this disc 
have to do so quickly! GL 


There are 46 constellations in the dea oe an," 7. my 
northern sky, while 29 can be found in ‘ ; | 
the southern hemisphere. The other 13 
lie across the ecliptic plane 


& SEER Travelling to the Earth's core would 





only make you weightless 
if our planet was a 


Are the recone ef \Vould! be 


constellations «=» << << (Pee «470; 
eae b Se ~Oweightless at the 


in both hy ieee Earths centre? 
hemispheres? (i ofl | y | ' | / i | ! | ie tortvoe a perfect sphere of uniform density, and you 


Alison Watson lees Seen ah eee could be placed there at rest with no overall movement, then 
Constellations are patterns drawn \ a ( mma —_ theoretically you would be weightless at the 
using the stars, with the official () wee | i i ~ Earth's core. This is because you would be 
count standing at 88 split more or F's | Al SS a » being pulled equally in all directions 
less evenly between the northern Lie oe aay |e = ee » by the mass of the (uniform) 
and southern hemisphere. iy &: apne ae Semi Nk Gee Nr ee planet, giving an overall 
The first constellations were Bie “re, ba) meee AS sravitational force of 2er0/And 
drawn thousands of years ago; in % al | aay J SS Se | with no overall gravity force, 
fact, research shows that every | En | ee i ee =~ nee - eS ™ there is no weight. 
major civilisation had a set of ’ ay" , . Ee = =—S However, our planet is not 
constellations drawn out of the stars \\ Wim ‘wo eee yet oe ee at | a perfect sphere. Instead it 
they could see throughout the year. \ \ aa , ae ee Sa eS Se Y is squashed at the poles and 
This has resulted in hundreds of Wa _ j | ss eon? c - / bulges at the centre. It is also 
different patterns, many overlapping ; a © / not of uniform density. Asa 
with others. = . i ee eh o result, you would eventually feel an 
In the modern era we use a set ‘tans. a a overall pull due to a denser region of 
of 88 clearly defined patterns. 48 2 j ee a: - gravity, and the thicker ‘bulge’ of the 
of these are ancient constellations, Ste See om oe — Earth giving you a small effective weight. 
listed by Ptolemy as far back as SS “o a However, this does of course assume 
150 CE. Your latitude on the Earth ‘ | SL that you could overcome the extreme 
determines which constellations you = | | temperatures involved with travelling to the 


are able to see. JB a . om r —_ Earth's core in the first place! SA 
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-\ ASTRONOMY 


What is chromatic 
aberration? 


John Beckingham peer Ni 
Chromatic aberration is a colour distortion that 
occurs when a telescope lens fails to focus all the 
different colours to exactly the same focal point. 
This is because different colours have different a ~ a 
wavelengths and hence come to focus at slightly wa : a = >» 
different locations because of the different White \ 
refractive index for different wavelengths, perhaps light | | 

a fraction misaligned with the other colours but ) — 
enough to create ‘colour fringing’ in the image | 
seen through the telescope. Chromatic aberration 
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oy Are new stars still being 
1 in our galaxy? 
Yes. On average the Milky Way 
galaxy forms around ten new 
stars each year in places like the 
famous Orion Nebula, which 
you can see as a fuzzy object on 
winter nights in Orion. 


~ Why don't supermassive 














is a problem for refracting telescopes, which use A ig black holes suck in the 
lenses. One way to fix it is to have a doublet lens eS re of tl , 
ee ‘colour fringing’ stars of their galaxy? 
with two sections made of crown and flint glass, ‘eis id ceed Olea eter Terese rier (a 
which are able to compensate for the differing by chromatic ce Waele Fede in inka 
refractive indices. Such telescopes are called aberration can things in - instead they have a 
apochromats. Another way is to use specially Smaart thn sravicaiicnal Held wes like Gbiet 
treated glass, such as glass containing fluorite that bottom image objects and, as a result, stars can 
lowers the optical dispersion of the light. GL on the left orbit around them like planets 


orbit the Sun. A black hole is only 
bad news for a star if it gets so 
close that the gravity overrides its 
motion and drags it in. 


Beira 


Why should we ~ Me caaeaua aie 
explore the Moon? Gliese 581 g in detail? 


No current telescope is big 
enough to see Gliese 581 g. The 
39-metre (128-foot) European 
Extremely Large Telescope, being 
built this decade, might be able to 
have a go, however. 


Keith Barnes 

IMTOO MAN CoM \y COLO UM OCO\ le cw MET NICO LEMON Sen lele 

for learning about the history of the Earth and 
GUMS C IMO Mensa) ciae\ scsi MB elen 

and Earth were both formed during the creation ae 
of our Solar System, approximately 4.6 billion , £ - 
Cees tOMe LP e eee crim Cem en m1 a 0) el ee 

UGE e Meee leh meee mell ce) - P 

RCM (e eNom de eier acne) melts —,' 

Moon has remained relatively 

unchanged ever since this 

time. Studying the Moon 

allows us to further 

understand our celestial 

neighbour, but also helps 

us to unravel processes 

that the young Earth may 

have experienced in the 

early Solar System. ZB 


~ Why is Uranus on 

its side? 
It is thought that a large 
protoplanet smashed into Uranus 
billions of years ago, sending the 
planet tumbling. It’s now tilted at 
an angle of 98 degrees, orbiting 
the Sun like a rolling ball. 


~ What is a Wolf- 

Stars of more than 20 times the 
mass of the Sun use all of their 
hydrogen fuel, swelling up to 
become red supergiants. A truly 
massive star will make the final 
transition to a Wolf-Rayet; stars 





Missions such as GRAIL have | that blast out huge amounts of 
helped us to learn more about stellar material. 
the Moon - in particular, its | 
interior structure Which planet has the 
most moons? 


As of 2013, gas giant Jupiter has 
= Poth the most confirmed moons with 
Studying the Mt asl i | pe — a5 a total of 67. Its most visible 
help us learns about the P| — ra ees i a moons from Earth are lo, Europa, 
formation of our owf planet , ya i a Ganymede and Callisto. 














Quick-fire 
questions 
(@spaceanswers 


~~ How can I listen to the 
cosmic microwave 
background (CMB)? 

If you have an old analogue 

television set, tune it into static. 

About one per cent of the ‘snow’ 

on your screen is from the cosmic 

microwave background. 


Will stars ever stop 
forming? 
Yes, although it is not clear how 
long that will be. There is still 
plenty of hydrogen gas left in the 
universe to form stars for many 
billions of years to come, but the 
peak of star formation was about 
11 billion years ago and it has been 
slowing ever since then. 


What is the fate of our 
universe? 
This is uncertain. Dark energy is 
currently causing the expansion 
of the universe to accelerate, but 
not enough for a ‘Big Rip’. The 
current fate theory is of an ever- 
expanding universe gradually 
getting darker and colder as the 
galaxies recede out of sight and 
the stars go out one by one. 





‘ What's the difference 
between the Kuiper belt 
and the Oort cloud? 

The Kuiper belt is a disc-shaped 

region, similar to an icy asteroid 

belt, that lies between the orbit 
of Neptune at about 30 times the 
distance of Earth from the Sun 
and about 50 times that distance. 

The Oort cloud is a spherical 

cloud of icy comets even further 

out, around 50,000 times the 
distance of Earth from the Sun. 


collided with another? 
Our galaxy has experienced 
so-called minor mergers with 
dwarf satellites, cannibalising 
their stars. It is colliding with the 
Sagittarius dwarf galaxy right now 
but it has not experienced a major 
merger with a big galaxy yet. 





| retrograde motions? 


Why don’t Venus and 
Uranus spin like the 
other planets? 


Even Earth may have spun backwards 
before the impact that formed the 
Moon. So Venus's slow retrograde 
rotation may be a result of a large, 
ancient impact. The same could hold 
true for Uranus, but its story 1s more 
complicated because it is also tilted at 
a 98-deeree angle. GL 


Brian Vaughan 

These are two of the biggest mysteries 
of the Solar System. During their early 
lives the inner planets were battered 
by impacts which could have knocked 
some of them into backwards, or 
retrograde, spins so that the Sun would 
rise in the west and set in the east. 
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questions we currently face about - 9 

our universe. The Big Bang theory 

suggests that all of the matter and 

energy in the universe expanded from 

RI (m ee Ae meetin 

pe} ee ete ee) coment ger nde) ns 

Where did the matter and energy 

come from? At the moment we 

just don't know! However, this is 

just one of a number of enigmas 

conceming our universe; there are 

many mysteries that we have yet 

to unravel. How big our universe is, — 

Ushi a aware -MGceleemm stm la) peer) pal 

are we alone, are just a few puzzling * +t 
examples. Scientists are trying to a | That ha el 
GC ee Mle 6 On elas) Melek) (ecm On| * ' e aa Big 
combines our currently disjointed rm A - . Bang is apuzzle 
models which may better equip us to ee at 
answer some of these questions. ZB ; 
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s the Kepler 
Space 
Telescope 
broken? 


Jestyn Gray 

Yes, but possibly not beyond 
repair. Kepler, which is a mission 
to detect the transits of exoplanets, 
has been hugely successful so far, 
discovering over 3,500 candidate 
exoplanets. It had on board four 
eyroscopic reaction wheels, which 
are used for precisely and stably 
orientating the telescope so 

that it can perform the sensitive 
measurements needed to detect 
the transits. However, two of these 
wheels have now broken down, 
hampering Kepler's sensitivity. 
NASA scientists have, however, 
come up with a new mission for 

it that requires less sensitivity, 
searching for planets around stars 
on the ecliptic plane. JB 
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DISCOVERY OF THE PLANET PLUTO 












Astronomer Clyde Tombaugh 

discovered Pluto with his y 
ener emer era ied gy ry 
one week apart. The circle pinpoints, 

ices) FVap Oreste ley 


January 29, 193 





Ou = 
How can I see Pluto? = * 


Gary Attard around it to confuse it with. Being in 
If you have a telescope in the 10 Sagittarius means it also doesn't get 
to 12-inch range then detecting very high above the horizon during | 
the magnitude +15 light from Pluto summer, making observation even | ' * 
shouldn't be a problem, particularly harder. The best way is to image the 

if you have an astronomical camera region of sky Pluto is in using a CCD or 
to hand. The problem is figuring out DSLR camera attached to the eyepiece 
which object in the field of view is of your telescope over several nights. If 


Pluto! Currently Pluto lurks in the you combine all the images, Pluto will ' rT a ) | —y 
dense star-fields of the constellation appear as the one star that’s moving > a MPa | A / . F 
of Sagittarius, so there are lots of stars through the field. GL | | > | = | | 


Travel to the huge black hole 
at the core of the Milky Way 


THE NEXT ISS 
Discover the new space exploration 


atform set to take over from the 
nternational Space Station 


20 AMAZING | 
SPACE ANSWERS 


Find out what would nappen if you 
fell into a black hole and more... 


THE DARK 


oes - ‘ 








The Milky Way can be seen 
GUUelavint ee Mce RON ee ee been eae 


EE Sireirarie ial 
What's the line in the middle 
ro) SE valel eat le aim rete org 


Janine Morris 
The line that is seen running across the Planck sky map is the Milky Way. 
intra mee aie eM Ot META A eo me) ctv AP OMe MO Cee tCoe ele lel (as 
Ground-based observations have to deal with the weather, the fact that 
the Earth is moving and even the air around us adds substantial distortion 
to any stargazing. However, there are a number of ways to get around this, 
Rita Omer we OL ORU Me) Lee TNO Cle 8)e Oe ee nem TM em CO BI 
the telescope in space. This works very well for observing things within our 
galaxy but when we turn our gaze further afield, we find that the galaxy 
etd EE eh a eel Ui eRe ON Gd e OMe) Rc ROOM OL bles ei mn omer 
subtract the galaxy data and get an impression of what is behind it, but 
sometimes it is unavoidable. JB 





ENERGY SURVEY 


Behind the scenes of the 
ee ESO's cunous expenments 
= with this strange energy. 






. 7 rT or 7 oo rom ok T 7 . ] = . - 7 — . EB rF c 7 Ps 7 Lo 1 . 
AA eT (pp eel met} Lowell Observatory: JMASSG Kona 1 AUST 
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The ultimate 


guide to the Moon view Jupiter 
Make the most of Jupiter's 
curtent close proximity 


How best to view our 
brightest night sky sight 


How to 


What's in 
the sky? 
Your faithful guide to this 
month's celestial sphere 


\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


telescope 







Me and my 


Your photos and two All About 
Space readers featured 


Astronomy 
kit reviews 
The latest essential astronomy 
gear and telescopes reviewed 


Key 
c(e)> KK — 





Naked Telescope Binoculars 


All About Space takes you on a moonlit tour of our rocky companion 


The Moon is by far the most luminous 
object in the night sky. Reaching 

a maximum brightness of -12.92 
magnitude, it’s hard to miss as it 
boldly takes centre stage and washes 
out any celestial object that is unable 
to challenge its brightness. 

Its unmistakable entrance is marked 
by lighting up the sky as a curved 
sliver of light - the waxing crescent 
- before revealing its entire face as 
the full Moon. Despite its beauty, this 
chunk of rock that has accompanied 


our planet since its formation is 
something that many take for granted. 

This is because it always seems to 
be there. We see it on a nightly basis 
and, with the naked eye, we are able to 
pick out the craters, volcanoes, ridges 
and basins that plague its terrain. We 
suspect that we've seen all that our 
Moon has to offer. But have we? 

If you've never pointed a pair 
of binoculars or a telescope at oul 
satellite, then you'll be surprised to 
learn that the Moon is an astronomical 


“To see its finer details you'll 


need a telescope or binoculars’ 


© Phases of the Moon 


As the Moon orbits our planet every 27.3 days, the trick of the 
sunlight gives us a run of phases roughly every 30 days 


. 


object worthy of observing in its 
own nght. What's even better is that 
because it is the closest celestial body 
with the naked eye and especially 
when some of its more obvious 
features are lit up by the Sun 

To see the finer details of its 
battered surface, though, you'll need 
a pair of binoculars or a telescope; the 


greater your instrument's aperture, the 


better. The added beauty of the Moon 
is that whatever phase it reveals to 
Earth, it still has several features on 
show for you to find and observe. 

However, there is something that 
our Moon likes to keep relatively 


hidden from us - its far side; the face 
we never see, This is because our 
rocky companion spins on its axis al 
around the same time that it takes 
to orbit the Earth. However, it 1s not 
always entirely hidden, sometimes 
the interaction between the Moon 
and Earth causes our satellite to rock 
backwards and forwards in a motion 
known as libration revealing about 
nine per cent more of its surface and 
showing different halves at different 
times. Because of the angle of the 
Earth to the Moon, you'd be hard- 
pressed to spot anything interesting 
on the Moon's far side. but it 1s 
certainly worth looking out for. @ 


TED Tat 
at-a—gl 
va) ]a la Ml 
afternoon and just 
after dusk, the 
Noon begins its 
Nts (e) tea ee Cae | 
waxing crescent. 


First quarter 
Approximately 
half of the Moon 
rar meee ea 
its first quarter, 
Fe) e)el= era a= 
Etec cgelale gee lale| 


ST A Tay) ed ge 


Waxing 
gibbous 
(t= e mele) 
Ue ee 
WER eats 
back, with 51% 
to 99% of its 
surface visible. 


Full Moon 
Oe este 
Bi eee aa 
disc is completely 
illuminated and 
UE) eee eae 
Fe] 8) els] ee sem ee 
Tila et mee Relate 


Waning 
gibbous 
eT ee) cific 
starts to step back 
into the darkness. 
This phase is 
visible into the 
Aen 


Last quarter 
pean | Reh e)) 
up late into the 
ania eae) 
the morning to 
er Cen) Be 
third, quarter of 
the Moon. 





WE Tal ays 
crescent 
The diminishing 
Moon's last visible 
phase can be 
caught in the pre- 
ee Ene Reel ah 
eae ae 
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Ultimate guide to the Moon 








Montes Alpes 
Coordinates: 46.4 N 0.8°W : | 
Diameter: 28Okm (174mi) (Alpine Vall ey) 
Montes Jura ert OEE Coordinates: 48.5°N 3.2°E 
Coordinates: 47.1 N 34.0°W ~* ao. e SS a =< Se ie Dimension: 166km (103mi) 
Diameter: 422km (262mi) = tr ee a ee 
> ee Montes Caucasus 
| a - = Coordinates: 38.4°N 10.0°E 
Montes Apenninus | ; Diameter: 445km (276mi) 


Coordinates: 18.9°N 3.7°W 
Diameter: 400km (249mi) 


® The mountainous Moon 


The lunar surface would not be complete without its ridges, full benefit of spotting these incredible landmarks. In our 
valleys and faults. It also would not be the rocky world image above, we've targeted the many mountain ranges and 
we have come to know without the majestic mountains valleys that can be found around the border of the lunar sea, 
that rise out of its dry, dusty surface and team up to form Mare Imbrium. However, there are many other mountains 
gigantic mountain ranges stretching out anywhere from 50 and ranges all over the Moon waiting to be picked up by 

to 790 kilometres (31 to 491 miles) in diameter. Despite their your telescope. These are best viewed while the Moon is ina 
monstrous sizes though, you will need a telescope to get the transitional phase with its terminator visible. 


, e «6 
Shining 
eo | 
in the 
Earth's ligh 

s light 
When the Moon begins its phases 
for the month as a waxing crescent 
before it transitions into its first 
quarter, you might have noticed 
that you can just about make out 
the rest of the lunar surface - and 
some of the seas that dominate its 
rocky face - even though it is still in 
shadow. The brightest segment of 
the Moon visible to us is basking in 
Le ——a | the scorching hot rays of the Sun, so 


4 —. , | L 3 = what is causing the rest of the Moon 
2 In Earth's shadow: lunar eclipses BF to iow when itis not due to reveal 


itself to us yet? 

Light rays get wherever they can 
and what's happening is that the 
sunlight that's reflected from the 
Earth is being transferred on to the 





When the Moon turns crimson, we the lunar version is that, provided Total lunar eclipses of 2014 
know that our lunar companion has you're on the night side of the Earth, Date: 15 a oe 
passed into Earth's shadow - the you'll get to see this event wherever Length of eclipse: O1h 18m 


Visible from: Australia, the Pacific, 


umbra - where no direct sunlight, TovUme Ti aawe Cee eee a OM ee nN mee) E 4" 
5 Y : North and South America 


VU MAOVIM ORIG ODO O Cement ceeredy don't need protective eyewear or Moon's face. This is called Farthshine 
our planet's atmosphere, can reach even optical aids to watch a lunar Date: 8 October and it is usually most readily 

its surface. When this happens, we se Na om 0 ets ee ee ee lad Qehedee eel cli observable during the waxing and 
are experiencing a lunar eclipse. Cn om IMP aCe CORA Om NTN ts Visible from: Asia, Australia, the waning crescent phases. 

Unlike solar eclipses, the beauty of eclipses in 2014. Pacific, North America 





rea EVM ahem ae mn UL eT oe are 


likely to spot when you gaze upon ._ 


gem \U COON Ree eee mn abel 
Faces mene Um e)iCoe mt me Ce eels 
the Man or Rabbit in the Moon; the 
Moon's seas or, as astronomers call 
meen eiee 

But unlike our planet, and what 


early stargazers thought, these are — 


eMac hig pee) Melis meer La oe oe 
used to, these are the plains of our 
ee) eny ect OT eee M jeer ee kal) eae 


eels Me) me)lental em anie ates cea) 


some 3 and 3.5 billion years ago 
that have spewed out lava, rapidly 
cooling to form stretches of grey 
basaltic rock. These seas are also 


fairly dark and less reflective of the . 


IT PaboM Iran Mana GNIS p med caer Toe ts 


that surround them - this is Ell 


down to the rich amounts of iron 


jceeieeMbeMana ett Elmo ee 


is ]tLae Lema le mel eed -n iment 
look carefully enough, you can 
er: |tee-/010) G8) 0 ee) Mei eel men cae 
WUE Desi Cces TOTO Be 00rd) 
lunar surface. Most of these features 
Meee tems miele pm mn 
or close to full and with the naked 
eye. However, if you find that you 
are struggling, then a good pair of ~~ 


binoculars will help you. 


OS 1 Mare frit 
= (Sea of Showers) 
aera cee 32.8°N 15.6°W 
Diameter: 1,145km (71Imi) 
Pa -ee eet 
Tela ee eeeerat 
immediately to the northeast 
fe) Bee ee ee 
Procellarum. Given its size, it 
can be picked up quite easily by 
uae ee 


pe R ERG ECitue 
\ (Sea of Crises) 
Coordinates: 17.0°N 59.1°E 
Diameter: 555km (345mi) 
Fairly easy to pick out, Mare 
Crisium is oval shaped and 
located to the northeast of 
Mare Tranquillitatis. It's visible 
to us on Earth during the first 
a tEecomm tee nese 
Mm ele] am 


 @™, 2 Oceanus 
<> Procellarum 
(Ocean of Storms) 
Coordinates: 18.4 N 57.4°W 
Diameter: 2,500km (1,600mi) 
It’s not too tricky to spot with 
bauT=Bars | lene Ae eel 
em emcee em te) 
or when the Moon makes its 
morning appearance in the 
waning or last quarter phase. 


7 Mare 

Oe Fecunditatis 
Mera of Fertility) 
Coordinates: 7.8°5 51.3°E 
Diameter: 840km (520mi) 
nea lee ane eee ance 
Vitae eR nen) 
of binoculars is recommended 
for this sea that can be found 
close to the eastern border of 


Mare Tranquillitatis. 


3 Mare Humorum 
aa (Sea of Moisture) 


_ Coordinates: 24.4°S 38.6°W 


Diameter: 389km (242mi) 
Bee) t- eee doe 
Humorum stands out fairly well 
in comparison to Mare Nubium. 
However, optical aids are 


Meteo Rebelo) mae me 


Pee ecm 
Moon's larger mare. 


™*, 8 Mare Nectaris 


m2” (Sea of Nectar) 
Coordinates: 15.2°5 35.5°E 
Diameter: 333km (207mi) 
This is difficult to detect with 


_ the naked eye but sweep a pair 


om eee le Bice smd mene 
of Mare Tranquillitatis to its 


Mee in-game ls) eee) 


should be able to make out the 


Mm iclicah sae lce 


| 
| 


om ANE ees 


<O> ‘w= (Sea of Serenity) 


Prolite: 28.0°N 17.5'E 
Mera medi lil) 


Mare Serenitatis can be found 


Meuse mcOk i ems) | 


Mare Imbrium. As with the 


Cele Ug er tuts 
-to.view the Sea of Serenity 


is when the Moon is full and 


when conditions are clear. 


Te) SR Elim e oleae lag) 
Q (Sea of Veloce Tes, 
Coordinates: 13.3°N 3.6°E 
Diameter: 245km (152mi) 
(eB eM eielses nel cman cy 


ene ee ime ee 


USI tae O Bn 9 eee ce 
but its dark appearance makes 
it detectable with the naked 
eye. It can be found close to 
the Moon's centre. 


<(@)> 





on" | 
% Tranquillitatis (Sea 
of Tranquility) 
Coordinates: 8.5°N 31.4°E 
Diameter: 873km (542mi) 
The closest sea to where Neil 
PNGUCiare Mee Ra Beer 
human footprint on the Moon. 


a ie) ell elas mae min) ei 
Meera eh eerste lire 


also the waning phase. 


@™, 10 Mare Nubium 
a eRe aa ellie) 
Coordinates: 21.3'S 16.6°W 
Diameter: 715km (444mi) 
Quite a challenge for the naked 
TUE TC eee) eee cee lah 
‘elit u lem =e) lela LE 
optical aids are required to 
pick out this large sea. A good 
Ries tem tases ee eer h 
ee mee amelie 
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Roytytaae 
> to the Moon 


) Counting 
craters 


Seloeer ee A te 

Our Moon shows signs of being 
incredibly scarred with the 
thousands of pock marks and dents 
ime ere Ate em Teme) my Tle 
have been formed by chunks of 
space rock smashing into it. 

We know the Moon to be a 
a= IHU et OReme Ue) CRO m hm NclCs m 
atmosphere or tectonic plates. 

S die la eal werent w ems or mda coee dt 
no elements to wear these craters 
down and they're there to stay 
with some dating back over 2 
ites teen POO Oe tom m GUE 
ee ee) ele hele 
brightnesses, sizes and depths; 
with some boasting raised rims 
and central peaks. 

Some of the craters are so big 
that we can even see them from 
Earth with binoculars or using a 
telescope. And, as the Moon shifts 
through its phases, you can watch 
SU IOR aCe P MPO MU CaNLOn peel ico men toT 
cola t rat nel alate dutonneel meno ane) i~ 


wale els CaCOm ela ey 
| Coordinates: 51.6°N 9.3°W 
Diameter: 109km (68mi) 


ere eee) ai 

B Copernicus T Ca 
| Coordinates: 9.7°N ee , 
rats longer tour 


Eee ue etl p, a a | aie 
a a ree 3 If you've managed to find all of 
Depth: 3.8km (2.4mi) dS oe Se 

the features that we've included 


e Aristarchus In our guide and youre feeling 
Coordinates: 23.7 N 
cy 

BTEC ld Pon : 
nee et eae) ee to uncover on our companion’s 


surface. Head over to the Luna 
| » oe A . society's interactive map (Www. 
ca ca leh apie ged lunasociety.org/atlas) to continue 
Ecru eee) | a eee 
Beka ee , your tour of the Moon! 


| E Langrenus r 
Ger ce |g) ee 

60.9°W 

Diameter: 132km (82mi) 

Depth: 2.7km (1.7mi) 


F Stevinus 

Coordinates: 32.5°S 54.2°E 
Diameter: 75km (47mi) _ 
Depth: 3km (1.9mi) 


» G Tycho 
Coordinates: 43.315 

me eee 

| Diameter: 86km (54mi) 

_ Depth: 4.8km (3mi) 


H Manilius 


Coordinates: 14.5°N 9.1°E a 


Diameter: 39km (24mi) 
Depth: 3.1km (2mi) 














be 


ambitious, then you'll be pleased 
to learn that there’s plenty more 





al 
wid a ey 


atl tf; as 


“a 2 





This guide will take you on a tour of the best and most 
interesting features to see on the king of the planets 


AVM A newer P RD eamemel en 
SOR iMe\ CHICO 


observe. You can see it with the naked 


eye, binoculars or a small telescope. 
During January 2014 it will be very 
well placed for observing as it will 
be at ‘opposition’ on the fifth of the 
month. This means that it is directly 
opposite the Sun in the sky from 
UVR MO an een Oda ene Dale 
therefore will be visible all night. 
You can find it nestling among 
dele ee) MeN eee le nmee 
Gemini the Twins and it will be 
aUNCee)OLGn Wel Mm a NCOO 400m nN mn oma hl 
part of the month about halfway 
Pam ON MNO eeAO NTN em ana atin 
or overhead point. It is bright! It also 
ER eh Om el i ee ea me] ered 


MMP EMV aT ene) ee mele elem alan 
up to four points of light spaced out 
either side of this disc. These are 
the Galilean moons of Jupiter - Io, 
Callisto, Europa and Ganymede. You 
can watch them change position as 
MOU a cet MeN eee ete 
almost on an hourly basis and 
certainly note the changes of position 
eae nee 

A small telescope will show you 
a lot more. Magnifications of 50x to 
100x will show considerable detail, 
including some of the cloud belts and 
possibly the Great Red Spot. Earth's 
atmospheric conditions will affect 
what and how much you can see, 
ems meet meee etme len) 
more or even less magnification. The 


oD tlehslem rie eAg Cael. 
giant Jupiter will be very 
well placed for observing” 


Jargon Buster 


Transits 
ansits and 
occultati 
Litavions 
When one of the moons of Jupiter is 
seen to pass in front of the disc it's 
known as a transit. The shadow of the 
moon can sometimes be seen to cross 
the planet's disc, this is known as a 
shadow transit. If the moon passes 
behind the disc of Jupiter it is called 
an occultation. 





baz 


Cloud 


belts 


When we look at Jupiter, we are not 
seeing its surface as such, as the planet 
is made from very dense gas, but the 
cloud tops of its atmosphere. Due to 
the fast rotation of the planet, these 
clouds form into belts of differing 
colours which are relatively easy to see 


with a small telescope. 





serving Jupiter 
ine mies a8 lee)als 


Rocce eos h accor e be 
Jupiter's moons passes in front of the gas giant 


use of coloured glass filters can help 
improve your view, too. They boost 
the contrast and can allow you to see 
TNO tee RRO ON BOR melee eee 
light yellow filter can work well as 
ROC nemo eee tee ee 
worth experimenting here too. See 

if you can see the slightly squashed 
appearance of the disc. This is caused 
by the fact that Jupiter is rotating so 
fast on its axis, in around ten hours, 
that it is flattened at its poles. 


Galilean 
These are the largest moons of 
Jupiter's many satellites and are 


the only ones visible in amateul! 


telescopes. They were discovered by 


the famous astronomer Galileo Galilei 
in 1610 and collectively named aftet 
him. Their individual names are Io, 
Callisto, Europa and Ganymede. 








The moons pass both in front of 
FINOM sti e MONO ene) mane e) liam 
Stee Oh Ne eee Pee em eerie 
and occultations, which can produce 
fascinating viewing. Transits are the 
aterm ect 10a me) eel eee ee 
able to see the shadows of the moons 
on the disc of the planet itself as the 
moons cross. These are known as 
shadow transits. 

De MMIC MAN Recoe mee p ena abi Amc 
SOE CeN Ena | 


Great Red 


The Great Red Spot on Jupiter 

is a huge storm which has been 
raging in the planet's atmosphere 
for several centuries. The wind 
speeds in the storm can be up to 
640 kilometres (400 miles) per 
hour, Many times stronger than the 
largest hurricanes here on Earth. 


WWW.Spaceanswers.com 





. | Jupiter and rohnert 





































1. Galilean moons 

The moons of Jupiter can be seen 
with 7x50 or 10x50 binoculars as 
small points of light either side of the 
disc of the planet. A small telescope 


Coe Bc 
Ce eae 






Viewing the largest planet will reveal them as tiny discs in their 
eM ea Roe elms cCo see ls\e! 
its moons is simple, wes The belts of Jupiter are clouds racing 
manne Vaio | ee oo — around the planet. A small telescope 
iS with modest “ tre) meg stow ag este) me ce] merge 
optical Selb elcelag of differing colours. A larger telescope 
| h TU Mae 4a ee] cane) me Oe) ml 
eres Now... | a detail and structure to them. 
3. Flattened polar regions 
Because Jupiter rotates at such a 


cyel t-te (lceer AC welal eee lee RC) 
’ hours), the poles have become slightly 
quashed making the disc look ‘oblate’ 
_ or not quite perfectly round. You can 
spot this with binoculars or using a 
eitir || Cel (-c1ae) 8s 
Diu icel ttn ee csi sctae)e lm aaa) ce lea 
looks like a round blob in the South 
eee e101 ler Aci ae Ce ete ele Ta 
colour when viewed through larger 
telescopes at around 150x. 


5. Oval BA 

This is much harder to spot with a 
small telescope but larger apertures 
“will show it up with moderate 
magnifications. ieee lds 
referred to as ‘Red Spot Junior’. It sits 
an the South Temperate Belt. 


ig rE |b 

RUB aoe Leo 

Cae TY slice tures elem el 
Pornronc creer achitn 
magnification (over 200x) to see 
ans) sae ent) meee 
often in the South Temperate Belt and 
South Temperate Zone. 

7. Shadow transits 

Yau cele) el |e) 
small dark spots of the shadows of the 
Tee pee CMe ee eel me melee) | 
the planet. They can often be seen to 
Aa (Ele lar eee] mde) ea meme) 
ne?) sel 
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here either side of the giant planet 
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. Gass you‘with your telescope to photos@ PRPS Cor RRMA Gee PORT er ae 





uo see cielo 3 AP ett aay RE ee Pi ER he eae et 
E . “ ; - 5 : “4 7 : a a 
x - 5 | -",. ™ * 
o* . hs oe in 
ad . "* ; a 
; ae ee — 
. 7 a . ‘ 
. ‘ od *% a si 3 a Fa 
i n , . - =! Li - ’ " if . | 1 
Ree “ ei etad eh oe 2 eames 
New Jersey,’ ray. ee ts ae r es | he eee 
Telescope: Orion ED8Q0 °°..." « | Po PE. a ee, PRS Sane atialinl w aehya aE 
A. Me ie. 5 i j . 7 i « 7s 7 i . ey , Ol " 7 a] " ac e ae + : t , 
eMC Ve rere eee Ch ee i ee ce a ie Oe eS ee ea nea ee See ee 
Peter Mate] es\mleme mene ia were ay Te Kapaa Pa aa  PARRS Pr cae ris. ea SS - AE Rar Joie egies oa ee 
Beat liCoaiielsae imate sone lan 70 Se ae Pe ce ee mn ae a ot ) aor a | 
you get restilts like these I can't a Oe Oe iN ee oe bee eg aes yt are DS We te re 5 get . 
Sey ELMO Nelle UiC 81a a0) i.) | en cnr iii Ark iin lar sa EP ree, pitebes Naa ge ae ; 


of an Orion ED80, Sirius EO-G.mount, Canon T4i ee XA bt ae ed. : fx YB Set 2 nee. eRe eae 4 Eee eoee 
BSS) Fay aCe abd baited am co) my ove] >) cole -2-) bn =a Oe : Zh ae é gt ah EES ee a 
employed the use of iTelescope.net’s T20 mount in Pe aa s oo et oun ee Made eee aah eee Pee oe Ser PSI 
Mayhill, New Mexico.” ! eee oe Ok ie ae ee te. See Pr: fe ae : | 


1. The Heart and Soul Nebula | ae By are 


2, The Andromeda Galaxy “3 4° ray as MPT Siete oe ie és TEP eS te 
3. The Dumbbell Nebula (M27) ale. 5 Ata a a See oe ee res is 
5 “ a in a es 4 " ow, . he ‘ 
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8 North Rhine-Westphalia, Germany 

Baia cey oB OPER CR aur ie . 

* “Tam 28 years old and live in northern Germany. I live in a rural 

“ part of North Rhine-Westphalia and shoot my pietures from my 
front yard. I started with visual astronomy and kind of stumbled 
into astrophotography when I tried to take a picture of the Moon 

Via a phone. From then on, things got out of hand and I am now 

several aithetad tle efiros poorer! I capture images with a 150/750 Meade Newtonian 
telescope on a Bresser MON-2 mount using a Canon 1100D." 


PAW i ed eee ties 

Telescope: Meade 2080B OTA 

“Tm a French amateur astronomer living 30 kilometres 

[19 miles] from Paris. I'm 35 years old and have been 

practising since 1994. I haven't changed my telescope 

since then, and still have my good old Meade 2080B OTA. 

Inspired by the work of the French astrophotographer 
Thierry Legault, I started shooting the ISS alone or during Moon and Sun transits. 
My next step will be to start imaging deep sky objects with a DSLR.” 


Send your photos to... 


A a ete Se al 


West Sussex, UK 
Telescope: William Optics 98mm FLT 
' “IT thought you might like to see a couple of images 
I took recently of Comet C/2013 R1 Lovejoy and also 
of M31 with a meteor whizzing past. Both images 
were taken with my William Optics 98mm FLT with 
* a MkIV reducer/flattener, Canon 50D. They were 
guided using a SkyWatcher ST80 and a QHY5 guide camera with a 0.5x 
reducer, all mounted on a SkyWatcher Pro 6 mount." 


@spaceanswers @ photos@spaceanswers.com 
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StOTIeS me 


Email your story of how you > | | ee Gees 
got into astronomy to photos@ 6 re eee 
Spaceanswers.com for a chance to patience 
feature in All About Space 


Woodland 


Location: Bath, UK 

Info: Astronomer for 12 years 

Twitter: @mw5S65 

Current Rig 

Telescope: SkyWatcher 200, SkyWatcher 102 
Mount: 05, Synscan GOTO 

Other: Pentax *ist DS DSLR 





“Ever since | was little, I had been hooked. I subsequently went on to 
taught about the night sky, being start an astrophysics degree, which | ial i@ “The 2007 lunar eclipse. 
able to locate Polaris, and the most am still studying. Naf aR hres al aie Me CR eae 
recognisable constellations, Orion and ‘T always did my observations from cE | Na alrite 
Ursa Major. It wasn't until | was in my garden, due to the size of my 
my second year of A levels that my scope, which persuaded me to buy the “My first-ever 
physics teacher at the time started more portable SkyWatcher 102. | often astrophotography 
running the GCSE astronomy course. head up to the top of the Mendip Hills, My 
[ already had an interest, so why not where the skies are amazingly clear, A ERT Se ae 
get a qualification from it, too? As either with the astronomy group Wells persenise S ime 
SE ide st ain De cr te : | eye : eyepiece of my eight- 
the course progressed | was able to & Mendip Ast ronomers or to help at inch Newtonian” 
borrow a small four-inch Newtonian the observatory housing an 18-inch 
telescope from him. This opened up telescope. My hobby has taken me to 
a Whole new world to me. I decided observatories all around, including 
I wanted a scope of my own, so my Cornwall and the island of Mallorca, 
parents bought me my eight-inch for where I will be spending a week in 
Christmas and it went on from there. April on a research project. I have also 
The first planet I ever saw through it been very lucky to be elected a Fellow 
was Saturn, from which point | was of the Royal Astronomical Society.” @ 


“Loften head up to the top of 
the Mendip Hills, where the 
skies are amazingly clear” 


Mark's top 3 tips 





1. Use social media 2. Volunteer work 3. Join a club 

There are many Volunteer at a local Astronomy clubs are a 

astronomers on Twitter observatory. This is preat way to network 

and Facebook who are a great experience with fellow stargazers, 

always willing to chat, working with (mostly) and to share experiences i CE aaircaliepiy eee = 
and give advice. much larger telescopes. and knowledge. for the Wave at Saturn 
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_ STARGAZER 
Stargazing stories 





















, Paul Wharton 
Location: County Armagh, Northern Ireland 
Info: Astronomer for two years 
Twitter: @paulwhartonl9/0 
Current Rig 
Telescope: SkyWatcher 200P 
Mount: [£:}05 Pro 
Other: Philips SPC900 webcam, Canon 7D 
od en selec ‘T have been interested in the night there and we planned on setting up 
several of its moons” sky for over 30 years but only got beside them. To our surprise they 
myself a proper telescope two years were set up indoors and had no plans 
ago. | had been a photographer for five on moving outside as they said it 
years and decided to merge my hobby would be cloudy! 
with astronomy. “The two of us set up anyway in 
‘As I don't drive I do the majority of the car park as we were expecting it 
my Viewing and imaging in my back to clear up. | had my telescope set up 
garden. It backs on to my neighbour's for the adults to view through and my 
back garden so there are no friend Duane set his tripod up lower 
“i streetlights about. I haven't really been down so the kids could have a look. 
p "s anywhere yet astronomy-wise but | do Within an hour it did clear up and 
| hope to travel to Iceland someday to the queues to view Jupiter through 
view the northern lights. our telescopes were over 200 long! 
‘In January 2013, a friend and Many of them told us that this was the 
myself went to Northern Ireland's highlight of their night and thanked 
main Stargazing Live event at Lough us for giving them the chance to view 
Neagh Discovery Centre. We decided the gas giant and its Galilean moons. 
; to bring our telescopes as the Irish That was my most rewarding night as 
| Astronomical Association would be an amateur astronomer.” @ 
. | F oe 
This Paul's top 3 tips 
Tie recene) | 
the Moon was 1. Binoculars 2. Get some 3. Fine-tuning 
taken by my ee Start off with binoculars pictures your scope 
Anns ia and learn the sky. A Try some basic Clip a clothes peg on to 
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in Photoshop to bring out the colour" 
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decent pair will allow 
you to see Jupiter and 
its moons. M45 (the 


through binoculars. 
Paul captured this image of 


Clavius, one of the Moon's 
largest crater formations 7 
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ia P teat i 


but only got myself a proper 
telescope two years ago” 





astrophotography by 
simply holding your 
camera phone up 
Pleiades) looks amazing to your telescope's 
eyepiece and shooting. the peg. 


your telescope focusing 
wheel. This makes it far 
easier to fine-tune the 
focus by simply nudging 
















DISCOVER THE PAST! 


WWW. nistoryanswers. co.uk 
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iting ° Hitler's astronauts © Kublai Khan 








BUY YOUR ISSUE TODAY 
Print edition available at www.imagineshop.co.uk 
Digital edition available at www.greatdigitalmags.com 


Available on the following platforms 





©) facebook.co.uk/AllAboutHistory | twitter.com/abouthistorymag 


You'll be up and running in no 
time with the AstroMaster 1S0EQ 
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Telescope advice, 





Celestron 








aste 


A fantastic telescope that’s 
great for both novice and 
experienced astronomers 














a 

Telescope 
a. 

advice 

Cost: £160/$396 

From: www.picstop.co.uk 

Type: Reflector 

Aperture: 150mm 

Focal length: 650mm 

Magnification: 65x 

If you're looking for an affordable 

and portable telescope that still 

boasts the power of some of its larger 

siblings, then look no further than 

the excellent AstroMaster 130EQ from 

Celestron. It's a top reflector telescope 

with an effective equatorial mount 

that will give you an impressive 

astronomy expenence. 

The AstroMaster 130E0Q is a 
reasonably sizeable telescope, 
especially considering the price, with 
an excellent light-gathering capability. 
It'll rival other similar telescopes in 
the clarity of its visuals. The entire 
assembly, meanwhile, is very simple 
to get up and running. Everything 
snaps together with ease, and aside 
from some minor adjustments to the 










equatorial mount you shouldn't have 
any problems setting up. 

The mount itself is superb, with 
setting circles enabling you to find and 
track objects in the night sky. There's 
also a motor drive available (sold 
separately) if you don't want to use the 
focusing knobs that are supplied with 
the telescope. The mount has a sturdy 
feel to it once set up correctly, so you 
shouldn't have too many problems 
with wobble. 

Moving the telescope on the 
mount is a breeze, and the whole 
assembly is very smooth. The views 
youll get through the telescope are 
also excellent. As mentioned earlier 
the sizeable aperture makes for an 
enjoyable experience while the high- 
quality lenses inside the scope give 
you exceptional clarity when viewing 
a Variety of objects. 

Overall we greatly enjoyed our 
experience with the AstroMaster 
130EO and, given the price and quality 
on offer, we'd highly recommend it 
to someone either looking to start a 
hobby in astronomy or to upgrade 
from an existing telescope. @ 
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Available 
from all good 
newsagents and 
Supermarkets 
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* Philip’ SP lye bait 

With A Telescope 
Or ee tome hE Bh 
From: www.octopusbooks.co.uk 
Peta ee mee nie ce mest er eremele) 
astronomy but have been daunted by 
everything there is to know, this book 
by Robin Scagell is an essential buy. 
Inside you'll find extensive chapters 
on all areas of astronomy that will 
help newcomers pick up the hobby. 
Scagell runs through the kit you'll 
need and what it all means, discusses 
how to get your telescope up and 
running and also outlines what to 
eA IOM ON ene Qe ene len 
chapter are helpful and illustrative 
images as well, showing you different 
types of kit and what you can expect 
to see. Written in an accessible style, 
Scagell’s comprehensive guide to 
Stargazing with a telescope is a great 
choice for novice astronomers. @ 
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Cost: £235/$219.95 

Pet erie meee 

If you're after a pair of binoculars 
this winter then look no further 
than Celestron’s TrailSeeker 8x32s. 
OU meer cieea ie) cel tml eine lele 
a lightweight design that'll ensure 
io) Uma eta Malet meee a ereme et 
the night sky, whether you're in 
your garden or out and about. The 
nitrogen-purged fog-proof lenses stop 
dimen METS eee eee ay 
FTieM en we ee aut eee) eee meals 
added bonus of being waterproof. A 
pew (eRe) me U mB) cents 
dpe eee OD em enh eT 
demaprlcaeta/ Pane eh meeeh melanie hy 
and not prone to damage through 
rough and tumble, Together with 

a reasonable price, the TrailSeeker 
8x32s are a worthy purchase. @ 
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- Book 
New Stars For Old 
Cost: £18/$9.05 (US kindle 
edition only) 


From: www.amazon.co.uk 

We eUa ome mint iat ele 
historical tales of astronomy then 
we'd suggest picking this book up. 
ieee mw Laem eee epee ULan le) muro 
Read tells 20 stories from the history 
of astronomy, focusing on the people 
behind the stories. From Aristotle 

to Newton, each chapter focuses 

SIO nem leeemeclad eel 
astronomer's life that helped define 
enters ORMe here) N eth aM Mem Mal etn=e-iaul 
MSOC MecTPNTUNTeMe De em onl ed erm hess 
lee) meme PN ENNIO elm PON a ners 
of personal hardship. The inclusion 

of notes at the end of each chapter to 
separate fact from fiction is welcome, 
FIOM UhCo Mile (em eee ee m er ey 
the book as well as learning of the 
TSR RO ECCT MIRGN Re eea me 


lee ener ech oantesinceins 
experienced astronomers alike 
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Cost: Free 

From: iTunes 

This app for iPhone, iPod touch and 
iPad is unbelievable in its scope and, 
best of all, it's free! Mars Globe is a 

3D rendering of the Red Planet that 
enables you to explore its surface in 
exceptional detail. There are over 
1,500 surface features to discover, 
LGR MTN Mt einem let Ce mnie len meiare 
links to external websites for further 
reading. From Curiosity to Olympus 
Mons there is a stupendous amount 
of stuff for you to observe and study 
Come tn em awe Teele tte) eee ln 
simple swipes or taps of the screen. 
And, what's more, you can even 
change the ‘local time’ to Mars time so 
JOR ae mee ema oaLe 
places on Mars, such as where NASA's 
rovers currently are. For iOS owners 
this is an essential download. 
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All prices include UK delivery 


www.picstop.co.uk 





Astromaster Telescopes 
Dual purpose telescopes giving 
correct views of land and sky 
Glass optical elements 
Smooth operating steel 
tripod mountings 


70AZ «ss 76EQ.—s«*M‘'AEQ 





Skymaster Binoculars 
Large aperture binoculars for 
astronomical viewing 
High quality BAK-4 prisms 
Multi-coated optics 





Travelscope 
ideal for astronomical and 
terrestrial observation 
Quick & easy no-tool setup 
Telescope & tripod fit inside 
custom backpack for travel 





Firstscope 
Perfect for aspiring 
Astronomers 
Easy to set up 
Simple to use for 
the whole family 





NexStar SLT Telescopes 
Entry to mid-level computerised telescopes 
No-tool setup 
includes pre- “assembled ia 





VISA “= ™ C “iA ‘PayPal = =Call NOW or go ONLINE! 
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@ Wwwwpicstop.co.uk 
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CELESTRON 


CELESTRON 
TELESCOPE 
We've got an awesome reflector 
telescope up for grabs this month 


Courtesy of PicStop (www. picstop. 
co.uk) we've got a Celestron 
AstroMaster 130EQ worth £160 

to give away this issue, 

just in time to make 


the most of the dark 

skies in winter. The ¥ y 
AstroMaster 130EQ0 ts 

a reflector telescope 

that boasts an aperture 

ee Oeiiiisicone es 

inches), perfect for observing 

a host of objects in the night sky. 


— Its simple no-tool assembly and 


equatorial mount also make this a great 
telescope for astronomers of all levels. 


To enter, all you have to do 
is answer this question: 


eat ee ae 
these does HST ..| 
stand for? 


A. Hubble Space 
Telescope 

B. Hydrogen 
Spectrum Tax 

C. Heavy Science 
pyrite te 


Enter online at: 
spaceanswers.com/competitig) 1 


irs mace tT full termsafid conditions 























(@CELESTRON 
| Nexstar SE 


Featuring high quality Cassegrain optics, the 
NexStar SE range is ideal for observing and 
photographing the wonders of space. The 
portable SE's feature precision optical systems 
and have all the same features as Celestron’s 
most advanced computerised GoTo telescopes, 
including the revolutionary SkyAlign™ alignment 
technology, a sky tour feature, a database of 
nearly 40,000 celestial objects and easy to use 


hana control 

Nexstar 4se £ 405 

Nexstar 5se £ 610 
£ 760 


Nexstar 6se 
£1140 


Nexstar 8se 
}\, These prices are only available while 
stocks last...! 
Bonus - Free 12v Mains Power Supply 
while stocks last with all SE's worth £20 


Please PHONE or LOG ON to our website for 
more competitive prices on scopes 
from the world's leading manufacturers. 


www.sherwoods-photo.com 
WWW.Sherwoods+p 10, 
sleeper a Mec Cr Te Piel a cele tls (e) 


Warwickshire B80 7EL 
Tel. 071527-857500 Fax 01527-857501 


e ad 
Contact Liz on 


01202 586431 


liz.tucker@imagine-publishing.co.uk 











Celesfron, Fi , Minox, 


One of the UK's most popular 
and longest standing providers 

of astronomy distance learning 
courses. Choose from five 
separate astronomy courses, 
suitable for complete beginner 
nght through to first-year 
university standard, including 
GCSE Astronomy. A certificate ts 
issued for each completed course. 
You will find a complete syllabus 
for each of the courses available, 





along with other details about 
each course, and the necessary 
enrolment information on our 
website. There 1s a “Student 
Feedback’ link where you can 
view some ol the unsolicited 





comments we have received from 
past students. We pride ourselves on being accessible and flexible and 
offer very attractively pnced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who ts easily 
accessible even outside of office hours. Planet Earth Education's popularity 
has been growing over many years with vanous home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


Courses available for enrolment all year round. 


2 01616539092 www.planeteartheducation.co.uk 
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Best-selling telescopes, binoculars, spotting scopes and microscopes 
olways in stock 

CCD cameras from Celestron, Moravian Instruments & Z7WO 

Widest range of visual & astrophotography accessories 

Great gift ideas: astronomical globes, planetanums, astronomical 
models, Halolech & Astrolabe watches 

Telescopes for beginners, amateurs & professionals from CELESTRON 
FORNAX, IOPTRON, LUNT, SK YWATCHER, VIXEN and more! 


Astronomik, 
Baader, 


rta, Sky-Watcher, 








Call 020 33 845 187 between 9am-— 8pm / days a week. 
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Isaac N 





The life and work of arguably the 
world's greatest scientific mind 


Sir Isaac Newton is considered 

by many to be one of the most 
important scientists to have ever 
lived. Despite a troubled youth and 
some bitter rivalries in adulthood, his 
contributions to the world of science 
are perhaps unprecedented in their 
scope and application. 


Born prematurely on Christmas day 


1642, his childhood was thrown into 
turmoil at the age of three when his 
single mother left to raise a second 
family. He was left to the care of 

his grandmother in Woolsthorpe, 
Lincolnshire, until his mother's 
return in 1653, although by then their 
separation coupled with his hatred 
for his stepfather would have serious 
implications on his later life. 

After rejecting the chance to follow 
in his father's footsteps to become a 
farmer, a profession Newton was not 
remotely interested in pursuing, he 
was accepted to Cambridge University 
in June 166]. Here he came into his 
element, although largely unbeknown 
to his professors at the time as he 
preferred to study privately. In 1665, 
having earned his bachelor's degree, 
he was able to continue working 
alone in unusual circumstances when 
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the university was closed due to the 
plague. He used this time to formulate 
many of the theories in mathematics 
and philosophy that would influence 
his later work. 

Before his 27th birthday in 1669, 
Newton would come to hold the 
prestigious position of Lucasian 
Professor of Mathematics at 
Cambridge. In 1672 he published his 
first paper, a controversial study on 
the nature of colour, which began a 
bitter rivalry with the scientist Robert 
Hooke. These tussles left Newton 
emotionally frail, in 1678 he suffered a 
breakdown and the following year his 
mother died. He became isolated and 
withdrawn, and became devoted to 
alchemical studies. 

It was these studies that helped 
him formulate his most renowned 
piece of work. Rather than sticking to 
the rigidity of physics that pervaded 
at the time, namely the study only 
of physical matter, Newton began to 
envision an invisible force that had an 
effect on everything. It is often said 
that earlier in 1666 he saw an apple 
fall from a tree and quickly formulated 
his theories of gravity. In actuality, 
however, it was almost two decades of 


Much of 

our modern 
Dare Csecie vere tiers 
of physics and 
astronomy 

is owed to 
a eee else 





work that allowed him to appreciate 
the importance of this force. 

An interchange of letters with 
Hooke regarding planetary motion 
ironically helped Newton formulate his 
thoughts into a capable theory. In 1686 
he consolidated his work into a series 
of three books known as Philosophie 
Naturalis Principia Mathematica 
(Mathematical Principles Of Natural 
Philosophy). They stated his now 
famous laws of motion and universal 
gravitation, in addition to forming the 
foundation of classical mechanics on 
which modern physics and calculus is 
now based. His work was astounding 
in its breadth and depth. 

Newton would continue to be 
hounded by Hooke until the latter's 
death in 1703, after which Newton was 
elected president of the Royal Society. 
In the following year he published his 
second major work, Opticks, which 
analysed the nature of light. In it he 
described the diffraction and refraction 
of light by lenses and prisms. 

Newton lived most of the remainder 
of his days in London until his death 
in Cranbury Park, near Winchester, on 
20 March 1727. Having contended with 
hardship his whole life, he was finally 
able to reap power and success from 
his groundbreaking work, albeit with 
bullish tactics while heading the Royal 
Society. Nonetheless, he is regarded as 
one of the greatest scientific minds to 
have lived, and his work continues to 
form the basis of our efforts to further 
understand the universe. @ 
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Bins Of Imagine products. Any maternal you subrwt 6 sent at your nk and, 
Blihouen every Care 16 taken, never Imagine Publishing nor 1s employees, agents 


of subcontractors shall be liable for the loss or damage. 


ae rege? Pee Led Ll Sea ae ert 


THE 
GREAT 
COURSES’ 


=—<> 


ol 
=_ 
= 
_ 
- 
= 
5 
a 
= 
—_ 
— 
Jc 
a 
] 
a 
— 
ae 
- 
a 
- 
all 
—_— 
—_ 
= 
= 
= 
a 
—_ 
if 
am. 
= 
el 
i 
— 
J 
a 


Learn the Inside Secrets of 
Professional Photographers 


Photographs can preserve cherished memories, reveal the beauty 
of life, and even change the world. Yet most of us point and shoot 
without really being aware of what we're seeing or how we could 
take our photo from good to great. 


Just imagine the images you could create if you trained yourself 
to “see” as the professionals do. With Fundamentals of 
Photography, you'll learn everything you need to know about 
the art of taking unforgettable pictures straight from National 


with over 30 years of experience. Whatever your skill level, these 
24 engaging lectures allow you to hone your photographer's eye, 
take full advantage of your camera’s features, and capture magical 
moments in any situation or setting imaginable. 


Offer expires 10/03/14 
0800 298 9796 


WWW.THEGREATCOURSES.CO.UK/4ABS 





LECTURE TITLES 
Making Great Pictures 
Camera Equipment—What You Need 
Lenses and Focal Length 
Shutter Speeds 
Aperture and Depth of Field 
Light I—Found or Ambient Light 
fe} p) a ee Oe) (018) mel ale alc oieia, 
ile] ai mice (A1Gee le] Olemre me me ali 
Composition |—Seeing Well 
10. Composition Il—Background and Perspective 
11. Composition Ill—Framing and Layering 
12. Let’s Go to Work—Landscapes 
13. Let's Go to Work—Wildlife 
14. Let's Go to Work—People and Relationships 
15. Let’s Go to Work—From Mundane 
to Extraordinary 
16. Let’s Go to Work—Special Occasions 
17. Let's Go to Work—Family Vacations 
18. Advanced Topics—Research and Preparation 
19. Advanced Topics—Macro Photography 
20. Advanced Topics—Low Light 
21. Advanced Topics—Problem Solving 
22. After the Snap—Workflow and Organisation 
23. Editing—Choosing the Right Image 
24. Telling a Story with Pictures—The Photo Essay 


Coo ie 


Fundamentals of Photography 


Course no. 7901/ 24 lectures (30 minutes/lecture) 


DVD &&499 


se ee [elas gle ele as 
Priority Code: 92572 


Designed to meet the demand for lifelong 
learning, The Great Courses is a highly 
popular series of audio and video lectures 
led by top professors and experts. Each of 
our nearly 500 courses is an intellectually 
engaging experience that will change how 
you think about the world. Since 1990, 
over 14 million courses have been sold. 
The Great Courses”, Unit A, Sovereign Business Park, 


Brenda Road, Hartlepoo|, T$25 INN. Terms and conditions 
apply. see www.thegreatcourses.co.uk for details. 
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i i oe Celestron NexStar 130SLT eee ee ates Ee 
| etl. wireless ada’ pter'to allow you to control your mE" ng from 
' - 1 Wells Pro oy i or iPod touch®. . i." ‘ 
, \ f. ie Input the date, Mate Bate ere location.and point te Oana hare) a 
: . r OA aes ieiiaeoccr) objects and by using-the-SkyQ app on your iPad® 


We AC] A Le fee wD STULL be able to carry out an accurate align- , 
ment, allowing you to find stars, eae constellations and nebulae easily# 
i =) calling, them up on the app, which.is a ie download with the package. 


. ae ‘ie ae meat en reiera tet telescope boasts a 5- inch aperture, providing spectacular 
—- views.of the night sky. The two included ola give you 26x and 72x magnification of E 
your subject, ute Welt ly capture ina «a beet tite inchudedT2 Canon DSLR adaptor. ~., 
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Ihe Clestron Nexstar 1 les ed telescope and SkyQlink wireless adapter package is available to purchase at the Apple Online Store 


throughout Europe, as we ai as is. nce to download the SkyQ app separately on your iOS Secs via the App Store. For more information on 


all of the above please visit store.apple.com/uk/go/Celestron] 30SLT 





